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Description

The present invention relates to a new class of pyrazolo pyridine derivatives having CNS-depressant,
anxiolytic, analgetic, antiinflammatory activity, to a process for producing them and to pharmaceutical
compositions containing them.

The new pyrazolo pyridines of the present invention are pyrazolo[3,4-blpyridine derivatives of the
following formula 1.

and their physiologically acceptable acid addition salts, wherein
R and R! independently represent (C1-g)alkyl, (Ca-7)cycloalkyl, phenyl, substituted phenyl, wherein one,
two or three hydrogen atoms are replaced by substituents independently selecied from , chloro, bromo,
fluoro, cyano, nitro, hydroxy, mercapto, trifluoromethyl, (C1-s)alkyl, (Cz-4)alkenyl, (C2-e)alkynyl, (Cz-7)-
cycloalkyl, (C:-¢)alkoxy, (Cr-q)alkylthio, (C+-s)alkoxycarbonyl, carbo(Ci-s)alkyl, carbo(Cs -7 )cycloalkyl,
sulfinyl, (C1-4)alkylsulfinyl; phenyl(C: ¢ )alkyl, substituted phenyl(C1 - )alkyl; wherein the substituents are
defined as above;
R? represents hydrogen, (G- -¢)alkyl, phenyl, substituted phenyl, wherein the substituents are defined as
above phenyl(C1-:)alkyl, substituted phenyl(Cs-¢)alkyl, wherein the substituents are defined as above;
R? represents (Cs-s)alkyl, phenyl, substituted phenyl, phenyl(Ci-¢)alkyl, substituted phenyl(C: —c)alkyl,
wherein the substituents are defined as above or R2 and R? taken together represent a -{(CHa). group
wherein n is an integer selected from 3, 4, 5 and 6 and a -CHz-group may be substituted with a

-CH=- ¢ =NH~- ? or a o N groupp

|
(C,_4) alkyl R’

wherein R’ represents (C--z)alkyl or (C:-s)alkanoyl;

R* represents R?, -OR® or an oxygen atom:

R® represents hydrogen. (C--:)jalkyl. phenyl, substituted phenyl, phenyl(C-c)alicyl, substituted phenyl
{C- ~s)alkyl, wherein the substituents are defined as above;

R® represents hydrogen. (C--:)alkyl, (Cz-s)alkanoyl-(C- ~¢)alkyl, hydroxy(Cz-s)alkyl, halo-(Cz-qjalkyl,
amino(Cz - )alkyl, mono- or di-{C: - jalkylamino(Cz -« )alkyl, or disubstituted amino(Cz -<)alkyl, wherein the
nitrogen atom is part of a 4. 5. 6 or 7 membered saturated heterocyclic ring selected from azetidinyl,
pyrrolidyl, piperidinyl, 4-aminopiperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, 4-methylpiperazinyl,
4-phenylpiperazinyl, 2.6-dimethylpiperazinyl, 3,3-dimethylpiperazinyl, 2,6-dimethylmorpholynyl, which
may optionally be substituted with a substituent selected from (Ci-s)alkyl, (Cs—7)cycloalkyl, phenyl,
substituted phenyl, phenyl{C- -«)alkyl and substituted phenyl(C1-z)alkyl, wherein the substituents of the
phenyl group are defined as above:

RS represents R® as above defined when R* is oxygen, y is an additional bond and x is nil, or R°
represents nil when x is an additional bond, y is nil and R* represents R& or OR®,

with the proviso that when R, R and R? are defined as above, R* is oxygen, y is an additional bond,
both x and R? are nil, R3 must be different from (G -Ce)alkyl, with the further proviso that when R, R,
and R? are defined as above, R* is RE, y is nil, and x is an additional bond, R? must he different from
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methyl, and the further proviso that when R' is methyl, then simultaneously R* must be different from
C1-Cs alkyl, phenyl, phenyl G1-Cs alkyl, C1-Ca alkoxyphenyl and halophenyl, R must be different from
Ci-Ce alkyl and R? and R® must be different from C1-Ca alkyl, phenyl, phenyl C:-Cs alkyl, Ci-Cs
alkoxyphenyl and halophenyl. :

As used herein, the term "(C1-¢)alkyl" alone or in combination with other groups, represents a straight
or branched alkyl group of from 1 to 6 carbon atoms such as methyl, ethyl, n-propyl, iso-propyl, n-butyl,
tert-butyl, n-pentyl, n-hexyl and the like.

The term "(Ci-s)alkyl" alone or in combination with other groups represents a straight or branched
alky! group of from 1 to 4 carbon atoms.

The term "(C1-4)alkoxy", alone or in combination, represents straight or branched alkoxy groups such
as methoxy, ethoxy, propoxy, butoxy and the like.

The term "(Cs-r)cycloalkyl” represents cycloalkyl rings of from 3 to 7 carbon atoms, such as
cyclopropyl, cyciobutyl, cyclopentyl, cyclohexyl, and cycloheptyl.

The term " (Cz2-s)alkanoyl”, represents alkanoyl groups of from 2 to 6 carbon atoms such as acetyl,
propiony!, butiryl, n-valeryl, trimethylacetyl, caproyl, and the like.

The term "hydroxy(Cz-4)alkyl", identifies straight or branched hydroxyalkyl radicals such as 2-
hydroxyethyl, 3-hydroxypropyl, 2-hydroxypropyl, 4-hydroxybutyl, 2-hydroxybutyl or 2-hydroxy-2-methyl-
propy!.

The term "halo(Cz-s)alkyl", identifies straight or branched haloalkyl radicals such as 2-chloroethyl, 2-
bromoethyl, 3-chloropropyl, 2-chloropropyl, 3-bromopropyl, 2-bromopropyl, 4-bromobutyl,. 4-chlorobutyl, 3-
bromobutyl, 3-chlorobutyl, 2-bromobutyl, 2-chlorobutyl, 2-bromo-2-methylpropyl, 2-chloro-2-methylipropyl, 2-
iodoethyl, 3-iodopropyl, or 4-iodobutyl. )

The term "substituted pheny!" alone or in combination with other groups, refers o a phenyl group
wherein one, two or three hydrogen atoms are replaced by substituents independently selected from,
chloro, bromo, fiuoro, cyano, nitro, hydroxy, mercapto, trifluoromethyl, (Cy-1)alkyl, (Cz2-4)alkenyl, (C2-4)-
alkynyl, (Cs-7)cycloalkyl, (Ci-e¢)alkoxy, (Ci —s)alkylthio, (C1-4)alkoxycarbonyl, carbo(C1-¢)alkyl, carbo-
(Ca-7)cycloalkyl, sulfinyl, (C1-4)alkylsulfinyl.

The term "4 5, 6 or 7 membered saturated heterocyclic ring" refers to saturated heterocyclic groups of
from 4 to 7 carbon atoms such as: azetidiny!, pyrrolidyl, piperidinyl, 4-aminopiperidinyl, 4-alkylamino-
piperidinyl, piperazinyl, morpholinyl, thiomorpholinyl, 4-methylpiperazinyl, 4-phenylpiperazinyl, 2,6-dimethyl-
piperazinyl, 3,3-dimethylpiperazinyl, 2,6-dimethylmorpholinyl, and the like.

The term "halo" represents chlorine, bromine or iodine atoms.

"Inert organic solvent”, as used in the description of the present invention, is a solvent in which the
reactants are sufficiently soluble to allow the reaction to proceed, but which does not unfavourably interfere
with the reactants or the final products. "Physiologicaily acceptable salts™ are pharmaceutically acceptable
salts wherein the whole toxicity of the compound is not increased compared with the non-salt. From these,
acid addition salts are obtained by treating compounds of formula | above with pharmaceutically acceptable
acids. As acids suitable for the formation of therapeutically acceptable salts there may be mentioned, for
example, hydrohalide, sulfuric, phosphoric, and nitric acids; aliphatic, alicyclic, aromatic or heterocyclic
carboxylic or sulfonic acids, such as formic, acetic, propionic, succinic, glycolic, lactic, malic, tartaric, citric,
ascorbic, d-ketogiutaric, glutamic, aspartic, maleic, hydroxymaleic, pyruvic acid, phenylacetic, benzoic,
para-aminobenzoic, anthranilic, para-hydroxybenzoic, salicylic, para-aminosalicylic or embonic acid,
methanesulfonic, ethanesulfonic, hydroxyethanesulfonic, ethylenesulfonic acid; halobenzenesulfonic,
toluenesulfonic, naphthalenesulfonic acids or sulfanilic acid.

These or other salts of the new compounds may also be used for purifying the resulting compounds by
converting them into salts, isolating the fatter and liberating the free bases from them. When according to
the above outlined processes, compounds of formula | are obtained as the corresponding salts of
pharmaceutically acceptable acids, they may be converted into the corresponding free base compounds
with a suitable alkali agent. The free bases may in turn be transformed into the corresponding salts by
reaction with predetermined pharmaceutically acceptable acids In view of the close relationship between the
new compounds in the free form and in the form of their salts what has been said above and hereinafter
with reference to the free compounds concerns also the corresponding salts.

A preferred group of compounds of the invention includes those compounds of formula | wherein R
represents (C1-g)alkyl, R' is a methyl group, R2 and R3 taken together represent -(CHz), , wherein n is an
integer selected from 3, 4, 5, 6, or a -CHz- group may be substituted with a
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-

by

group,
wherein R7 is (Ci-s)alkyl or alkanoyl. R* represents OR?® wherein R® is selecied from (C1-c)alkyl and
hydroxy(C1 -4 )alkyl, R® is nil, x is an additiona! bond and y is nil.

Another preferred group of compounds of the invention includes those compounds of formula | wherein
R represents (Ci-g)alkyl, R* represents an oxygen atom, RS represents mono- or di-(Cs-s)alkylaminc-
(Ci-2)alkyl or disubstituted amino(C:-¢)alkyl, whersin the nitrogen atom is part of a 5 or 6 membered
saturated heterocyclic ring which may be substituted with one (C1-4)alkyl or phenyl group.

Another preferred group of compounds of the invention includes those compounds of formuia | wherein
R is (C1-¢)alky! or (C3-7) cycloalkyl, R’ represents (C1~¢)alkyl, R? represents C2-C. alkyl or phenyl and R?
represents (Ci-s)alkyl or phenyl, or R2 and R® taken together represent -(CHz), group wherein n is an
integer selected from 3, 4, and wherein one of the -(CHz)-groups is substituted with a

~-CH- ¢ Or a -NH- or a -N- group

(Cy_4)alkyl R’

wherein R? is (Ci-s)alkyl, (Ca-¢)alkanoyl group, R* represents R® as above defined, RS is nil, x is an
additional bond and vy is nil.

Isoquinoline derivatives, wherein the nitrogen atom bears a hydrogen atom are described in U.S. Patent
No. 4,113,713, while thiazolo[5,4-c] and pyrazolo[3,4-clisoquinoline derivatives wherein the 4-nitrogen atom
or the 5-oxygen atom are variously substituted are described in Europen Patent Publication No. 5745.

U.S. Patent 3891630 is directed to a process for preparing an isoxazole{5,4-e}-[1,4]-or a pyrazolo [3.4e]-
[1.4])-thiazepinone compound and it is described that said pyrazolo[3,4-g}-{1.4]-thiazepines can be used
inter alia as precursor of substituted pyrazolo[3,4-b]-pyridin-4-cnes.

GB-A 1104145 describes substituted [3.4-b]-pyridines characterized by having a methyl group in the
position 3 of the pyrazolo ring.

The compounds of the invention wherein R, R’, R2, R® are as defined above. R* represents OR®, R®
represents nil, x is an additional bond and y is nil, and the compounds of the invention wherein R, R", R,
R3 are as above, R* is an oxygen atom and RS represents R®, as above defined. x is nil and y is an
additional bond, are prepared by a multistep procedure starting from a derivative of formula Il according to
Scheme |
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A compound of formula lll, wherein the substituent groups are as above defined, is reacted with a
isocyanate derivative of formula 1V (R-N=C=0), in a suitable solvent, in equimolecular amounts or in the
presence of an excess of the compound 1V, at a temperature between -5°C and 50° C, preferably between
room temperature and the reflux temperature. The reaction time generally varies from a few minutes to
some hours, depending on the compounds involved and the reaction temperature. This reaction step is
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carried out in the presence of a base.

Representative examples of suitable base are aromatic or aliphatic tertiary amines such as 4-picoling,
pyridine, triethylamine, trimethylamine and the like. According to a preferred embodiment of the invention,
these basic agents can be used also as the reaction solvent.

In this reaction, one may employ one of a large number of |socyanate derivatives, since the essential
feature of the R® group is a good leaving group capability without interfering with the reaction course.

Examples of such leaving groups are lower alkyl or aryl groups such as ethyl, propyl, isopropyl, butyl,
phenyl, p-tolyl and the like.

Suitable solvents are inert organic solvents such as benzene, toluene, xylene, ethyl acetate, (Cs-10)-
gthers, dioxane, (Cs-7)cycloalkanes and the like.

According to this procedure, an intermediate compound of formula V is obtained and, after recovering it
according to common procedures, or directly, without recovery, the subsiance or reaction mlxture is
dispersed in a suitable organic solvent or solvent mixture and heated at a temperature between 50° C and
the reflux temperature, preferably from about 90° C to about 250 C. The reaction time generally is from 1
minute to 8 hours, depending on the other reaction conditions. A reaction product is recovered, which is the
compound of formula V. This compound of formula VIi (i.e. a compound of formula | wherein R, R, R, R?
are as above defined, R* °° represents R® when R® is hydrogen, RS is oxygen, x is nil and y is an
additional bond), is then reacted with an equimolecular amount or a slight excess of a halide of formula Vili

R3-halo,

wherein R® is defined as above with the exception of hydrogen and halo is an halogen atom selecied from
chlorine, bromine and iodine and preferably bromine or iodine to give the compounds of formula 1.

When R® is a (C1-:)alkyl group, aiso (C:-s)alkylsulfonates may be advantageously employed instead
of the halide VIII.

The process is carried out by dissolving or suspending a molar amount of the selecied compound of
formula V in an inert organic solvent, such as, for instance, dioxane, tetrahydrofurane or, preferably,
dimethylformamide, and adding to the obtained solution or suspension an equimolecular amount or a slight
excess of a strong alkali agent over the compound of formula VIL.

Suitable alkali agents may be selected from alkali alkoxides such as, for instance. sodium methoxide,
sodium ethoxide or potassium tert-butoxide, alkali metals and, preferably, alkali hydrides, e.g. sodium or
potassium hydride. The obtained reaction mixiure is kept for 2 - 3 hour at a temperature between 50 and
70° C, preferably at about 60° C, then, after cooling to room temperature, a slight molar excess of the
compound of formula Vit s added and the mixture is heated for about 1-2 hours at a temperature again
between about 50° and about 70° C. preferably at about 60°C.

The mixture is finally worked up according to conventional techniques. Pursuant to this procedure,
mixtures of the end compounds of formula |, wherein the substituent R? is linked either to the nitrogen atom
or to the oxygen atom, may be obtained in different percentages. The percentage of each isomer
essentially depends on the nature of the substituents, although a general rule cannot be established. In
general, it has been found that. with the molecules described in the present application, the O-substituted
compounds are mainly obtained.

in any case, when a mixture of N-substituted and O-substituted compounds is obtained, the single
isomers can be isolated by means of common separation technigues, such as column chromatography,
fractioned crystallization. HPLC and the like.

Some of the compounds of the invention can advantageously be prepared by other routes which involve
the transformation of a preexisting R® substituent into another one falling within the scope of the invention.
As an example. the compounds of formula | wherein R® is halo(Cz-<)alkyl, are useful starting materials for
preparing the corresponding compounds of formula | wherein R? represents an aminoaltkyl or substituted
amino(C2-«)alkyl as above defined. These compounds are prepared simply by reacting the selected halo-
(C2-q)alkyl derivative with the suitable amine derivative according to known procedure. )

It has been found that compounds of formula | wherein R® is halo(Cz-4)alkyl may be conveniently
prepared from the corresponding hydroxy(Cz-s)alkyl derivatives by reacting them with appropriate halo-
genating agents, such as thionyl or phosphoryl halides and phosphorus pentahalides.

It has been observed, however, that, when this halogenation reaction is carried out on a substrate of
formula |
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N

wherein R, R', R? and R3 have the same meanings as before and R® is a 2-hydroxyethyl or a 3-
hydroxypropy! group, the reaction does not always afford the corresponding halo derivative in considerable
yields, but a rearrangement may occur and the N-isomer of the following formula

§ )

|
R Rg

wherein R, R', R?, R? are defined as above and R® represents a 2-haloethyl or a 3-halopropyl group, in
which halo stands for a halogen atom, may be obtained in good yields. The reaction is advantageously
performed by dissolving or suspending a suitable amount of the compound of formula Vii in an organic
solvent such as, for instance. a (C1-«)halogenated hydrocarbon and adding to the obtained solution or
suspension a molar excess of the halogenating agent, preferably from about 1 to about 3 molar equivalents
over the starting compound of formula VIi. Although all of the common halogenating agents proved to act
satisfactorily, it has been found that the best results are obtained by employing thionyl halides, e.g. thionyl
chloride or thionyl bromide.

The reaction is carried out at a temperature between room temperature and about 70°C, and is
complete in about 1 - 4 hours.

in turn, the compounds of formula | wherein R? represents halo(Cz2-4)alkyl can be transformed into the
corresponding derivatives of formula | wherein R* represents an oxygen atom and R® represents amino-
(Cz2-4)alkyl, mono- or di-substituted amino(Cz -2 )alkyl or disubstituted amino(Ca -4 )alkyl wherein the nitrogen
atom is part of a 4, 5, 6 or 7 membered saturated heterocyclic ring, by reacting them with the proper amine
according o usual procedures.

Finally, it will be clear to any person skilied in the art that other obvious routes for transforming a
preexisting radical R® into another radical R%encompassed by the present invention are intended to fall
within the scope of the invention.

The compounds of formula | wherein R, R', R2 and R3 are as above defined, R* represents R®, R® is
nil. x is an additional bond and y is nil are prepared according to the following scheme Il
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SCHEME II

1 3

A
I T
N\t'q/ Ny 8

According to this procedure, a compound of formula lll is reacted with an equimolecular amount or a
slight excess of a carboxylic acid derivative (such as a carboxylic acid halide, ester or anhydride) of the
following formula X!l

RE-CO-W Xl

wherein RE is as above and W represents an halogen atom selected from chlorine, bromine, and iodine, a
0-R%° or a -0-CO-R® group, wherein R°® represents, together with the adjacent O atom, a "good leaving
group” which does not interfere with the reaction course.

The skilled man is aware of the large number of such compounds, examples of which include lower
alkyl, cycloalky! or ary! groups such as methyl, ethyl, propyl, isopropyl, butyl, cyclohexyl, phenyl, tolyl, and
the like.

The reaction solvent is an anhydrous inert organic solvent such as those previously disclosed and
includes: (Ci-s:g)ethers, chloro(C- -3)alkanes, xylene, toluene, benzene, carboxylic acids such as formic
acid and the like, and carboxylic acid anhydrides such as acetic acid anhydride and the like.

in some instances. the carboxylic acid anhydride can be properly selected so that it can act as the
reactant as well as the reaction solvent.

The reaction temperature is between room temperature and the reflux temperature and preferably is the
reflux temperature. The reaction time is generally between 2 and 6 hours or more. The recovery of the
compound of formula XIV so obtained is achieved through common procedures.

The compound of formula XIV is then reacted with a substance capable of helping the cyclization by
acting as a catalyst such as, for example, thionyl and phosphoryl halides in an inert organic solvent, such as
a petroleum distillate boiling between 100" C and 250° C, xylene, toluene, benzene, cyclohexane, cyclopen-
tane, methylene chloride and the like at a temperature varying from room temperature to the reflux
temperature of the mixture. The reaction time is from few minutes to about 25 hours. The reaction product
is then recovered through common procedures. Generally, the solvent is distilled off under vacuum. The
residue is taken up with water and the pH is adjusted to about 8.

After extraction with a suitable organic solvent, such as methylene chioride, and distillation of the
solvent under reduced pressure, the desired product of formula | wherein R, R’ R2 and R3 are as above
defined, R* represents RE, RS is nil, x is an additional bond and y is nil, is obtained.

The pyrazolamines of formula Ill are prepared reacting a pyrazolamine derivative of formula
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T NH
R

with an equimolecular amount or an excess of a carbonyl compound of formula
R2COCH:R3

wherein R? and R?® are as defined.

The reaction solvent is preferably an organic acid solvent, and most preferably is a lower organic acid
solvent such as propionic or acetic acid. The temperature of the mixture is kept between room temperature
and the reflux temperature.

The reaction time obviously depends on the different reagents and the reaction temperature, but -
generally is between a few hours to some days, frequently between 2 hours and 3 days.

As stated above, the compounds of the invention possess interesting analgetic, CNS-depressant,
antianxiety, and antiinflammatory activity. These activities are generally shared also by some intermediates.

The compounds of the invention, generally have a considerably low toxicity, since most of their LDso
values are higher than 500 mgrkg, when given intraperitoneally and rarely lower than 950 mg/kg when given
orally to mice.

The analgetic activity of the compounds of the present invention was ascertained by means of two
known tests for analgesia: the "writhing test" in mice, described by L.C. Hendershot and J. Forsaith, in J.
Pharm. Exp. Therap. 125, 237, (1958), and the "pain relief test" in rats described by L.O. Randall and J.J.
Selitto, in Arch. Int. Pharmacodyn. 111, 409, (1957). In the former the disappearance or the reduction of
writhing in mice, intraperitoneally administered, with p-phenylquinone - a substance known to produce pain
especially in the place of injection - is evaluated: the latter test is used to evaluate the ratio of relief from the
pain due to compression of oedema paws in rats orally administered with the test compound.

A compound which proved to be highly effective in these tests is that of example 57; a good activity is
also shown for instance by the compounds of examples 39 and 55. -

The above compounds of the invention are from 2 to 10 times as active as acetyl salicylic acid in these
fests.

The foliowing tables summarize the data obtained assaying the compound of example 57 (co. 57) in
comparison with acetylsalicylic acid (ASA) in the above tests:
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a) "writhing test" .
dosage percent of inhibition
(mg/kg) per os of writhings
co. 57 10 25
' 20 . ~ 51.
50 - 89
ASA 20 10
50 ) 57
100 ' - 86

potency ratio co. 57:ASA = 6.6

b) "pain relief test"

dosage percent of increase of
"(mg/kg) per os _ the pain treshold

co. 57 20 . .. 78 .
50 115
100 172
ASA . 50 . . 39
T 100 84
300 , - 109

potency ratio co. 57:ASA = 2.6

The LDsg value of co. 57 in orally administered rats is 650 mgikg, while its LDso value in orally
administered mice is higher than 1000 mg/kg.

The antiinflammatory activity was ascertained by means of the "carrageenin-induced oedema test" in
rats. Said test is performed essentially following the procedure proposed by C.A. Winter et al. in Proc. Soc.
Exptl. Biol. Med. 111, 544, (1962). It was found that oral dosages of between about 1/25 and 1.5 of the LDs¢
values of the compounds of examples 4, 5, and 48 cause a significant reduction of the oedema over the
controls, from about 30% to about 5% depending also on the actual dose.

The CNS-depressant activity was investigated by means of the general psychophysic screening
method, as described by S. Irwin in Psychopharmacologia (Berl.) 13, 222-257, (1968). In particular. some
representative experiments carried out in mice have shown that amounts from about 5 to about 100 mgkg
i.p. of the compounds of examples 32, 64 and 62 are effective in inhibiting the spontaneous activity and the
muscular tone, whereas amounts from about 30 to about 200 mg'kg i.p. significantly impaired the motor
coordination and the righting reflex of the laboratory animals. It is generally accepied that the above
parameters are directly connected with sedative hypnotic and myorelaxant properties.

The anti-anxiety activity of the compounds of the invention was investigated by means of the "pole
climbing avoidance test”, performed essentially as described by G. Maffii, in Journ. Pharm. Pharmacol.,
11,129, (1959). A conditioned animal. generally rat, is deconditioned. i.e. is brought to its normal psychic
behaviour, by administration of a suitable amount of the compound to be tested. According to the authors,
an inhibition of the secondary conditioned response (CRz) without a contemporary or coupled with a not
significant inhibition of the primary conditioned response (CR) and the unconditioned response {(UR) 1s a
clear indication of an antianxiety effect since these last two parameters are connected with sedative and
hypnotic properties.

Representative experiments carried out on groups of ten rats have shown that dosages varying from
about 3 to about 60 mgikg of body weight administered i.p. of the compounds of examples 1, 8, 18, 27, 28,
40, 44 and 45 are effective in inhibiting the CRz-parameter and, contemparaneously, have no practical
influence on the CR and the UR.

The compounds of the invention may be administered by different routes. While the preferred routes of
administration are oral and rectal, parenteral administration can also be employed.

For oral administration, the compounds are compounded into pharmaceutical dosage forms, such as.
for instance, tablets, capsules, elixirs, solutions and the like. The dosage unit may contain the usual
excipients, e.g. starch, gums, fatty acids, alcohols, sugars, etc. For rectal administration the compounds are

10
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administered in the form of suppositories, admixed with conventional vehicles, such as, for example, cocoa
butter, wax, spermaceti or polyoxyethyleneglycols and their derivatives.

The dosage range is from about 0.05 to about 2.0 g per day, preferably administered in divided doses.

Accordingly, the present invention provides a therapeutic composition comprising a compound of the
invention as the active ingredient together with a pharmaceutically acceptable carrier.

The following examples illustrate the manner in which the invention can be practiced, but, as such,
should not be construed as limiting its overall scope.

Example 1

4-(1,2,5,6-tetrahydro-1 -methyl-4-pyridinyl)-1,3-dimethyl 5-(1 H)-pyrazolamine.

1-Methyl-4-pyridinone (1.1 mole) is added to 1,3-dimethyl-5-pyrazolamine (1 mole). The reaction
mixture is kept at a temperature between 70° G and 80° C for a pericd of about 8 hours. After distillation
under vacuum the residue is poured into water and neutralized with NaOH 10%. The compound of the fitle
is recovered by filtration. M.p. 262-265" C.

Essentially following the above procedure, employing the carbonyl compound, molar rate, temperature
and time as indicated in the following table I, the compounds of formuia Ili

wherein R and R! are methy! groups and R? and R® are as shown below, are obtained.
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It is obtained by following essentially the procedure ©

3-Phenyl-1-methyl-4-cyclohexyl-5-pyrazolamine.

Example 13
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pyrazolamine with cyclohexanone (1:2, molar ratio) at a temperature of about 45° C for about 8 hours. M.p.
212-214° C.

Example E

1,3-Diphenyl-4-cyclohexeny!-5-pyrazolamine.
It is obtained by essentially following the procedure of example 1 reacting 1 3-d|phenyl-S-pyrazolamme
(1 mole) with cyclohexanone (1.1 mole) at a temperature of about 80° C for about 4 hours. M.p. 115-117 " c.

Example 15

N-[4-(1-cyclopenten-1-yl)-1,3-dimethyl-1H-pyrazol-5--yl]-N'-phenylurea.

Phenylisocyanate (0.176 mol) is added to 4-(1-cyclopenten-1-yl)-1,3-dimethyl-1H-pyrazol-5-amine (0.16
mol) in benzene (800 mi). The reaction mixture is stirred at room temperature and then at a temperature
between 50 and 70° C. After distillation under vacuum, the product of the title is recovered by usual
procedures. M.p. 204° C. By following essentially the same procedure the compounds of examples 16 and
17 are obtained.

Example 16

N-[4-(1-cyclohexen-1-yl)-1,3-dimethyl-1H-pyrazol-5-yl]-N'-phenylurea, m.p. 203°C, obiained starting
from 4-(1-cyclohexen-1-yl)-1,3-dimethyl-1H-pyrazolamine and phenyl isocyanate.

Example 17

N-phenyl-N'-[4-(1-phenyl-1-propenyl)-1,3-dimethyi-1H-pyrazol-5-yljurea, m.p. 173-195°C, obtained
starting from 4-(1-phenyl-1-propenyl)-1,3-dimethyl-1H-pyrazol-5-amine and phenylisocyanate.

Example E

6,7.8,9-Tetrahydro-1,3-dimethyl-3H-pyrazolo[3.4-c] isoquinoline-5(4H)-one.

N-[4-(1-cyclohexen-1-yl)-1,3-dimethyl-1H-pyrazol-5-y{]-N'-phenylurea (8.3 g) is fused at about 280° C,
for 10 minutes. During the fusion, aniline distilles off. The fused mass is cooled, triturated with methanol and
heated to the reflux temperature. Upon cocling and filtering a solid is obtamed which is washed with ethyl
ether. Upon analysis it is proven to be the compound of the title. M.p. >300°C.

Essentially following the above procedure, the compounds of the examples 19 and 20 are obtained, by
startmg from the corresponding ureas, and carrying out the fusion respectively at about 200° C and about
230° C for 5 minutes.

Example 19
3,6.7.8-Tetrahydro-1,3-dimethylcyclopentald]

pyrazolo[3,4-blpyridin-5-one.
M.p. >300° C.

Example @
6,7.8.9-Tetrahydro-1,3-dimethyl-3H-pyrazolo[3,4-e]

naphthyridin-5-(1H)-one, hydrochloride.
M.p. 228-229° C.

14
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Example 2_1

3,6,7,8,9,10-Hexahydro-1,3-dimethylcycloheptald]
pyrazolo[3,4-blpyridin-5-(4H)-one. . .

A mixture of the compound of example 6 (18.3 g), 4-picoline (100 ml) and ethylisocyanate (18 g) is
heated to the reflux temperature for about 7 hours. After cooling to room temperature the solvent is distilled
off under reduced pressure and the residue is taken up with ethyl ether and filtered. The recovered solid is
boiled in methanol for 5 minutes. Upon filtering, the solid product of the title is recovered. An additional crop
of the product may be obtained from the mother liguors. M.p. 269-270° C.

Example 22

6,7,8,9-Tetrahydro-1 ,3,7-trimethyl-3H-pyrazoIo[3,4-c][2,7]naphthyridin-5-(4H)-one.

A mixture of the Compound of example 7 (1 g; 0.0043 mol), 4-picoline (10 ml) and ethylisocyanate (1 22
g; 0.0172 mol) is heated to reflux temperature for about 3 hours. After cooling to room temperature, the
solvent is distilled off under reduced pressure and the residue is taken up with ethyl acetate, then with ethyl
ether and filtered giving the solid product of the title. M.p. >300° C. Another crop of this product can be
obtained from the mother liquors.

Example 23

5-Methoxy-3,6,7,8-tetrahydro-1 ,3-dimethylcyclopenta[d]pyrazolo[3,4-b]pyridine

A mixture of 4-(1-2,5,6-tetrahydro-1-methyl-4-pyridinyl)-1 ,3-dimethyl-5-(1H)-pyrazolamine (2.06 g; 0.01
mol), 3,4-lutidine (20 ml), ethyl isocyanate (3.16 ml; 0.04 mol), under anhydrous conditions, is heated to the
reflux temperature for about 3 hours. The mixture is then cooled to room temperature, concentrated under
reduced pressure, washed with ethyl acetate and then with ethyl ether, thus obtaining the product of the
title. M.p. 294-297° C.

Example 24

3,6,7.8-Tetrahydro-1,3,4-trimethylcyclopentald] pyrazolo[3,4-b]pyridin-5-(4H)-one (N-isomer) and 5-
methoxy-3,6,7,8-tetrahydro-1 .3-dimethyl-cyclopenta-[d]pyrazolo[3,4-b]pyridine (O-isomer)

1.45 g of a 50% (by weight) suspension of sodium hydride in mineral oil (0.030 mole of sodium
hydride) is added to a suspension of 3,6.7,8-tetrahydro-1,3-dimethy|-cyclopenta[d]pyrazolo[3,4-b]
pyridin-5-(4H)-one (0,030 mol) in 64 m! DMF. The resulting mixture is kept at 60° C for about 2 hours and,
after cooling to room temperature, 2.37 ml (0.038 mole) of methyl iodide are added thereto. The mixture is
then heated for 1 hour at about 60" C. After evaporating the solvent the residue is taken up with water and
the obtained solid is collected by filtration, washed with water, taken up with DMF and applied to a silica gel
chromatography column eluting with a mixture chloroform:methanol, 99:1. After recovery 45% of the O-
isomer, m.p. 308-310° C, and 25% of the N-isomer, m.p. 180-191 * C, are obtained.

Essentially following the procedure of the above example and employing the reagents, solvents and
conditions indicated in table Il below, compounds of the following formula

15
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are obtained starting from the suitable derivatives of formula VIl wherein R® is hydrogen.
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The compounds which follow (examples 33 to 35) are obtained from examples 29 and 30, O-isomer and
N-isomer, respectively, according to the following procedure: 0.03 mole of the starting compound are

heated to the boiling temperature in 10% hydrochloric acid (100 ml) for about 2 hours.

55

Then the solvent is evaporated off, the residue is oven-dried under vacuum and crystallized from
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methanol.

Example §§

2-[(6,7,8,9-Tetrahydro-1 ,3-dimethyl-3H-pyrazolo-[S,4-c][2,7]naphthyridin-5-y|]-oxy-ethano|,
nyargshignss: Mig: 332255 &

Example 34

6.7.,8,9-Tetrahydro-1 ,3-dimethyl-5-methoxy-3H-pyrazolo[3,4-c][2,7naphthyridin,
hydrochloride. M.p. 276-277 C.

Example :_3§

6,7,8,9-Tetrahydro-1 ,3,4-trimethyI-SH-pyrazoIo-[S,4-c][2,7]naphthyridin-5-(4H)-one,
hydrochloride. M.p. 290-293° C.

Example 36

7-Acetyl-4-(2-chloroethyl)-6,7,8,9-tetrahydro-1 ,3-dimethyi-3H-pyrazolo[3,4-c]{2,7]
naphthyridin-5-(4H)-one.

7-Acetyl-5-(2-hydroxyethoxy)-6,7,8,9-tetrahydro-1 ,3-dimethyl-3H-pyrazolo[3,4-c][2,7]
naphthyridin-5-(4H)-one (0.0328 mole) is dissolved in chioroform (200 ml) and 5.95 g (0.05 mole) of thionyl
chloride in methylene chioride (30 ml) are added thereto; the resulting mixture is heated to the reflux
temperature for about 3 hours. After cooling, 400 ml of aqueous saturated sodium carbonate is added to the
reaction mixture, the organic phase is separated and the organic solvent is evaporated under reduced
pressure. The obtained solid is crystallized from ethyl alcohol, yielding the product of the title. M.p. 195-
198 C.

Example 37

5-(3-Chloropropoxy)-6,7.8,9-tetrahydro-1 ,3-dimethyl-3H-pyrazolo[3.4-clisoquinoline

Obtained substantially by following the above procedure, but starting from the compound of example
32.
M.p. 84-85" C.

Example @

7-Acetyl-4-[2-(diethylamino)ethyl]-6,7,8.9-tetrahydro-1 ,3-dimethyl-3H-pyrazolo[3,4-c][2.7]
naphthiridin-5-(4H)-one, hydrochloride

0.031 Mole of the compound of example 36; 12.79 ml (0.0124 mole) of diethylamine, and 300 ml of
ethanol are heated at about 80° C for about 3 hours. After evaporating the solvent under vacuum the
reaction mass is taken up with chloroform, and the organic layer is first washed with saturated agueous
sodium carbonate and then with water (twice). After drying over sodium sulfate, the chloroform is distilled
off and the obtained concentrate is applied to a silica ge!l column prepared and eluted with
chloroform/methanol, 97:3. The product of the title is obtained by evaporating the solvent from the pooled
fractions containing it. M.p. 153-154" C. '

By essentially following the above procedure, employing the reagents, solvents and conditions indicated
in Table I, the following compound of formula

17



10

15

20

25

30

35

40

45

50

55

EP 0 104 522 B1

wherein R® and Z have the meaning set forth in the table, are obtained starting from the corresponding
compounds wherein R® is the suitable halo(Cz-3)aikyl.

18
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The compounds of the following examples (table V) are obtained by reacting 10 g of the corresponding
N-acetyl derivative of formula XIi (the compounds of examples 47, 38 and 48, respectively) in ethylether
with saturated hydrochloric acid at room temperature for about 1 hour. The organic phase is then
concentrated under vacuum and dried. The dihydrochlorides of examples 49 and 50 crystallize from ethanol
or methanol. The compound of 51 (free base) crystallizes from ethyl acetate.
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TABLE IV
ample . 0
NG X : R M.p. ( C)
— _ _ _ _ 0 ()
49 -CHz NH (CHZ)2 H(CEB)2 289-291
’ _ - - 0 (=)
50 CH,NH (CH,) ,~N(C,H.), 274=-275
|' 1
) i
H : 0
s1 | ~CH_NH- i ~(CH.)-N -Ph 154~159
. N4

(%) Hydrochloride

Example 52

N-[1,3-dimethyl-4-(4-methyl-1 -cyclohexen-1-yl)-1 H-pyrazol-5-yllformamide

To a suspension of 1,3-dimethyl-4-(4-methyl-1-cyclohexen-1-yl)—5-(1H)-pyrazolamine (245 ¢g; 0.119
mole) in 99% formic acid (245 ml), acetic acid anhydride (64.14 g, 0.628 mole) is added at a temperature of
about 20° C. Then the mixture is heated to 80-80 C and kept at this temperature for about 2 hours. After
distillation of the solvent under vacuum, the residue is taken up with water and the pH is adjusted to about 8
with aqueous sodium carbonate. The solution is extracted with methylene chloride and the organic layer is
washed with water and then dried over sodium sulfate. After distillation of the solvent, the crude product of

the title is recovered and crystallized from the mixture t.butylmethyl-ether and hexane. M.p. 97-99° C.

Example 53

6.7.8,9-Tetrahydro-1 3,7-trimethyl-3H-pyrazolo-[3,4-clisoquinoline

Phosphorusoxychloride, POCI; (61.33 g) is added to the compound of the above example 52 (N-[1,3-
dimethyl-4-(4-methyl-1-cyclohexen-1-yI)-1H-pyrazolo-5-yl] formamide) (27.8 g) in xylene (250 ml). The
mixture is refluxed for 4 hours and then distilled under vacuum. The residue is taken up with water and the
pH is adjusted to about 8 with agueous sodium carbonate. Upon filtering, 17 g of the crude product of the
title are obtained. M.p. 82-101 ° C, after crystallization from petroleum ether.

Example §f

6.7.8,9-Tetrahydro-1 3,8-trimethyl-3H-pyrazolo-[3,4-clisoquinoline

21
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a) Acetic acid anhydride (64.14 g; 0.628 mol) is added to 1,3-dimethyl-4-(5-methyl-1-cyclohexen-1-yl)-6-
pyrazolamine (24.5 g; 0.119 mol) in 99% formic acid (245 ml) under stirring at about 20° C. The mixiure
is slowly heated to 80-90° C and then kept at this temperature for about 2 hours. The solvent and the
reagent excess are then distilled off under reduced pressure, while the residue is taken up with water
and ajusted to about pH 8 with aqueous sodium carbonate. The resulting solution is extracted with
methylene chioride and the organic layer is washed with water and dried over sodium sulfaie. The
solvent is evaporated under vacuum thus recovering the N-[1,3-dimethyl-4-(5-methyl-1H-cyclohexen-1-
y!)-1H-pyrazol-5-ylJformamide derivative.
b) the crude derivative obtained above is dissolved in xylene (250 mi) and POCI; (61.33 g) is added
thereto. The mixture is refluxed for 4 hours and then the solvent is distilled under reduced pressure. The
residue is poured into water and the pH is adjusted to about 8 with aqueous sodium bicarbonate. A
precipitate forms, the product of the title, which is recovered by filiration and crystallized from hexane.
M.p. 121-123° C.

Essentially following the procedure of the above example, the compounds of formula ! listed in table V

below are obtained.
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Example 86

A tablet is prepared with
6,7,8,9-tetrahydro~1,3-dimethyl-
-3H-pyrazolo/3,4~c/isoquinoline,
hydrochloride

Saccharose ’
Polyvinylpyrrolidone

Sodium dioctylsulfosuccinate
Magnesium stearate

Corn starch g.s8. to

Example 87

A capsule is prepared with
6,7,8,9-tetrahydro~-1,3-dimethyl-
3H-pyrazolo/3, 4-¢7/isoquinoline,
hydrochloride

Saccharose

Polyvinylpyrrolidone

Sodium dioctylsulfosuccinate
Magnesium skearate

Corn starch g.5., to

28
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Example 88

A sugar coated tablet is prepared with
6,7,8,9~tetrahydro-1,3~dimethyl-
3H-pyrazolo/3,4-c/isoquinoline,

hydrochloride 50 mg
Polyvinylpyrrolidone 2 mg
Sodium carboxymethylcellulose 1.5 mg
Avicel ® 5 mg
Titanium dioxide 2 mg
Magnesium stearate 2.5 mg
Corn starch 8 mg
Gum arabic 5 mg
Talc 10 mg
Kaolin 2 ng
Saccharose g.s. to 150 mg

Avicel®is a Trademark of FMC Co., U.S.A.

Claims

1.

A pyrazolo[3,4-b]pyridines of the formula

and their physiologically acceptable acid addition s

alts, wherein

R and R' independently represent (C1-¢)alkyl, (Ca-7)cycloalkyl, phenyl, substituted phenyl, wherein
one, two or three hydrogen atoms are replaced by substituents independentiy selected from , chloro,
bromo, fluoro, cyano, nitro, hydroxy, mercapto, trifluoromethyl, (C1-a)alkyl, (Cz2-s)alkenyl, (Cz-¢)-
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alkynyl, (Cs-7)cycloalkyl, (Gs-s)Alkoxy, {(C:-sjalkylthio, (C1-4)alkoxycarbonyl, carbo(Cr-)alkyl,
carbo(Ca—7)cycloalkyl, sulfynyl, (C1-¢)alkylsulfynyl; pheny(C1-e)alkyl, substituted phenyl(Gs -« )alkyl
wherein the substituents are defined as above

R? represents hydrogen, (Ci-s)alkyl, phenyl, substituted phenyl, wherein the subsiiiuents are
defined as above, phenyl (Ci-s)alkyl, substituted phenyl (C1-s)alkyl wherein the substituentis are
defined as above-

R3 represents (C1-4)alkyl, phenyl, substituied phenyl, phenyl (C+ -4)alkyl, substituent phenyl(C1-z)-
alkyl, wherein the substituents are defined as above or R2 and R® taken together represent a -(CHz),
group wherein n is an integer selected from 3, 4, 5 and 6 and a -CHz- group may be substituted with
a

0 ’ ~NH-, or a ;"1;3-' group,
(C;._4)alkyl R?

wherein

R’ represents (C1-¢)alkyl or (Cz2-s)alkanoyl;

R* represents RE, -OR?® or an oxygen atom;

R8 represents hydrogen, (Ci-s)alkyl, phenyl, substituted phenyl, phenyl (C1-s)alkyl, substituted
phenyl (C1-4)alkyl, wherein the substituenis are defined as above

R® represents hydrogen, (Ci-s)alkyl, (Cz-s)alkanoyl-(C1-s)alkyl, hydroxy(Cz-e)alkyl, halo-(C2—c)-
alkyl, amino (Cz-s)alkyl, mono- or di-(Cs-~s)alkylamino (Cz-s)alkyl, or disubstituted aming (Cz~s)-
alkyl, wherein the nitrogen atom is part of a 4, 5, 6 or 7 membered saturated heterocyclic ring
selected from azetidinyl, pyrrolidyl, piperidinyl, 4-aminopiperidinyl, piperazinyl, morpholinyl, thiomor-
pholinyl, 4-methylpiperazinyl, 4-phenylpiperazinyl, 2 6-dimethylpiperazinyl, 3.3-dimethylpiperazinyl,
2,6-dimethylmorpholinyl, which may optionally be substituted with a substituent selected from
(Cy-c)alkyl, (Cs-7)cycloalkyl, phenyl, substituted phenyl, phenyl(C1-¢)alkyl and substituted phenyl-
(C1—)alkyl; wherein the substituents of the phenyl group are defined as above

RS represents R? as above defined when R* is oxygen, y is an additional bond and x is nil, or R®
represents nil when x is an additional bond, y is nil and R* represents R& or OR3, with the proviso
that when R, R' and R? are defined as above, R* is oxygen, y is an additional bond, both x and R®
are nil, R® must be different from (C:-Ce)alkyl, with the further proviso that when R, R', and R3 are
defined as above, R* is R?, y is nil, and x is an additional bond, R? must be different from methyl,
and the further proviso that when R' is methyl, then simultaneously R* must be different from C1-Ca
alkyl, phenyl, phenyl C:-C. alkyl, C:-C. alkoxyphenyl and halophenyi, R must be different from C.-
C. alkyl and R? and R® must be different from C:-Ca alkyl, phenyl, phenyl C+-Ca alkyl, Ci-Ca
alkoxyphenyl and halophenyl.

A compound as in claim 1 wherein R is (Cs-5)alkyl or (C3-7) cycloalkyl, R’ represents (G:—-¢)alkyl, R?
represents (C2-Ce)alkyl or phenyl and R? represents (C1-4) alkyl or phenyl, or R2 and R3 taken together

represent -(CHz), group wherein n is an integer selected from 3. 4. and wherein one of the -(CHz)-
groups is substituted with a

-CH=- . s Or a =~NH- Or a -N~ group

wherein R7 is (C:—)alkyl, or (C2-s)alkanoy! group, R* represents R® as above defined, RS is nil, x is an
additional bond and vy is nil, or a pharmaceutically acceptable acid addition salt thereof.

A compound which is 6,7.8,9-tetrahydro-1,3-dimethyl 3H-pyrazolo[3.4-clisoquinoline or a pharmaceuti-
cally acceptable acid addition salt thereof.

A process for preparing a compound of ciaim 1, which comprises reacting a pyrazolamine derivative of
formula
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wherein R and R' are as defined in claim 1, with an equimolar amount or an excess of a carbonyl
compound of formula

R2-CO-CH2-R3

wherein R? and R® have the above defined meanings, in an organic acid solvent at a temperature
between room temperature and the reflux temperature, t0 obtain a derivative of the following formula 11l

a) when the compounds of the invention wherein R, R!, R2 and R3 are as above, R* represents OR?
wherein R? is hydrogen, R® represents nil, x is an additional bond, and vy is nil, or the compounds
wherein R, R', R2 and R3 are as above, R* is an oxygen atom, RS represents R® which is a
hydrogen atom, x is nil and y is an additional bond, are desired, a compound of the above formula 1ii
is reacted with an equimolar amount or an excess of a isocyanate compound of formula R°-N-CO.,
wherein R is a good leaving group in a suitable solvent and preferably in presence of a basic agent,
at a temperature between about .5°C and 50 C; after recovery of the obtained intermediate by
common procedures or directly without purification, a suitable organic solvent is then added and the
mixture is heated at a temperature between 50° C and the reflux temperature; the pure N- or O-
isomer is obtained from the mixture by common separation techniques;

b) when compounds of claim 1 wherein R, R', R? and R? are as above defined, R* represents OR®
wherein R? is different from hydrogen, R® represents nil, x is an additional bond, and v is nil, or the
compounds wherein R, R', R? and R? are as above, R* is an oxygen atom, R® represents R® which
is an hydrogen atom, x is nil and y is an additional bond, are desired, they can be obtained by
reacting the corresponding compounds wherein R? is hydrogen [the compounds of point a)] with a
slight molar excess of a halide of the formula

R3-halo VilI

wherein R? is as above, and halo represents a halogen atom selected from chlorine, bromine and
iodine, in the presence of a strong alkali agent, at a temperature between 50° and 70° C, for about
1-2 hours, and separating, if necessary, the mixture of N- and O-isomers by means of column
chromatography or fractioned crystallization;

c) when a compound of formula | is obtained wherein R? is halo(Cz2-¢)alkyl, it can be transformed
into a compound of formula | wherein R® is amino(cz -+ )alkyl, mono- or di-(C1-4)alkyl-amino (Ca=s)-
alkyl, or disubstituted amino (C2-¢)-alkyl, wherein the nitrogen atom is part of a 4, 5, 6 or 7
membered saturated heterocyclic ring which may contain a further heteroatom selected from N, S,

31



10

15

20

25

30

35

49

45

50

55

9.

EP 0 104 522 B1

and O and may optionally be substifuted with a substituent selected from {C1-s)alkyl, (Cs-7)-
cycloalkyl, phenyl, substituted phenyl, phenyl(C:-s)alky! and substituted phenyl(C1 -s)alkyl, by
reacting it with an equimolar amount or a slight molar excess of the proper amine derivative;

d) when a compound of formula | is obtained wherein R® is hydroxy(Cz-a)alkyl, it may be
transformed into the corresponding compounds of formula | wherein R® is halo(C2-s)alkyl, by
reacting it with a halogenating agent;

e) when a compound of formula | is obtained wherein RS and y are nil, x is an additional bond, R* is
OR?, and R? is 2-hydroxyethyl or 2-hydroxypropyl, it can be transformed into ihe corresponding
compound of formula | wherein x is nil, y is an additional bond, RS is R® and R* is oxygen, by
reacting it with a halogenating agent selected from thionyl or phosphoryl halides and phosphorous
pentachloride; for about 1-4 hours at a temperature between room temperature and about 70° C;

f) when a compound of formula | is desired wherein R* represents R®, R® and y are nil and x is an
additional bond, it can be obtained by reacting a pyrazolamine derivative of formula Il

with an equimolar amount or a slight molar excess of a compound of formula
R&-CO-W

wherein R® is as above, and W represents a halogen atom selected from chlorine, bromine and
iodine, a-R° group or a 0-CO-R® group, wherein R°® represents, together with the adjacent oxygen
atom, a good leaving group which does not interfere with the reaction course, in an anhydrous inert
organic solvent, at a temperature between room temperature and the reflux temperature, thus
obtaining an intermediate compound which is thermally cyclized in the presence of a cyclization
catalyst.

A process as in claim 4 wherein the suitable solvent of step a) is selected from high boiling inert
organic solvents such as glycols containing from 2 to 6 carbon atoms and the corresponding mono-
(C-—3)alky! ethers or acyl derivatives, benzene, toluene, 5-2 atom membered cycioalkanes, and the
basic agents are tertiary aliphatic or aromatic amines.

A process as in claim 4 wherein the R group of step f) is selected from methyi, sthyl, propyl.
isopropyl, butyl, cyclohexyl. phenyl and tolyl.

A process as in claim 4 wherein the anhydrous inert organic solvent of step f) 1s acsetic acid anhydrnide.

A process as in claim 4 wherein the cyclization catalyst of step fy 15 selected from thionyl and
phosphoryl halides.

A pharmaceutical composition comprising at least a compound of claim 1.

10. A compound of claim 1 for use as a medicine.

Claims for the following Coniracting State: AT

1.

A process for preparing a pyrazolo[3.4-bIpyndines of the formula
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and their physiologically acceptable acid addition salts, wherein

R and R independently represent (C1-¢)alkyl, (Gs —7)cycloalkyl, phenyl, substituted phenyl, wherein
one, two or three hydrogen atoms are replaced by substituents independently selected from , chloro,
bromo, fluoro, cyano, nitro, hydroxy, mercapto, trifluoromethyl, (C1-4)alkyl, (C2-4)alkenyl, (Ca—4)--
alkynyl, (Cs-7)cycloalkyl, (Ci-s)alkoxy, (G —¢)alkylthio, (c1-4)alkoxycarbonyl, carbo(C: -4)alkyl,
carbo(Cs-7)cycloalkyl, sulfynyl, (C1-+)alkylsulfynyl; pheny(C1 -4)alkyl, substituted phenyl(C1 -4)alkyl
wherein the substituents are defined as above .

R2 represents hydrogen, (Ci-s)alkyl, phenyl, substituted phenyl, wherein the substituents are
defined as above, phenyl (Ci1-¢)alkyl, substituted phenyl (C1-s)alkyl wherein the substituents are
defined as above

R3 represents (C1-«)alkyl, phenyl, substituted phenyl, phenyl (C1-4)alkyl, substituent phenyl{(C1 -4)-
alkyl, wherein the substituents are defined as above or R2 and R? taken together represent a -(CHz)a
group wherein n is an integer selected from 3, 4, 5 and 6 and a -CHz- group may be substituted with
a

-C‘:H- R -NH-, or a :-1“1- group,
(C;_,)alkyl R’

wherein

R? represents (C1-e)alkyl or (C2-¢)alkanoyl;

R* represents R%, -OR? or an oxygen atom;

Re represents hydrogen, (Ci-s)alkyl, phenyl, substituted phenyl, phenyl (Ci-s)alkyl, substituted
phenyl (C: -¢)alky!. wherein the substituents are defined as above

R? represents hydrogen, (Ci-s)alkyl, (C2-~s)alkanoyl-(Ci - )alkyl, hydroxy(Cz-¢)alkyl, halo-(Cz2-4)-
alkyl, amino (Cz-«)alkyl, mono- or di-(C1 —2)alkylamino (Cz-4)alkyl, or disubstituted amino (Cz2-¢)-
alkyl, wherein the nitrogen atom is part of a 4 5, 6 or 7 membered saturated heterocyclic ring
selected from azetidinyl, pyrrolidyl, piperidinyl, 4-aminopiperidinyl, piperazinyl, morpholinyl, thiomor-
pholinyl, 4-methylpiperazinyl, 4-phenylpiperazinyl, 2 6-dimethylpiperazinyl, 3,3-dimethyipiperazinyl,
2 6-dimethylmorpholyny!. which may optionally be substituted with a substituent selected from
(Cs-e)alkyl, (Cs~7)cycloalkyl, phenyl, substituted phenyl, phenyl(C1-s)alky! and substituted phenyl-
(C1-4)alkyl; wherein the substituents of the phenyl group are defined as above

RS represents R® as above defined when R* is oxygen, y is an additional bond and x is nil, or RS
represents nil when x is an additional bond, y is nil and R* represents R® or OR®, with the proviso
that when R R* and R? are defined as above, R* is oxygen, y is an additional bond, both x and R®
are nil, R? must be different from (C:-Ce)alkyl, with the further proviso that when R, R', and R3 are
defined as above, R* is R8, y is nil, and x is an additional bond, R2 must be different from methyi,
and the further proviso that when R' is methyl, then simultaneously R* must be different from C1-Ca
alkyl, phenyl, pheny! C:-Ce alkyl, C:+-Cs alkoxyphenyl and halophenyl, R must be different from C;-
Cs alkyl and R? and R® must be different from C:-Ce alkyl, pheny!, phenyl Ci-Cs alkyl, C1-Cs
alkoxyphenyl and halophenyl;

which comprises
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reacting a pyrazolamine derivative of formula

wherein R, and R! are as defined in claim 1, with an equimolar amount or an excess of a carbonyl
compound of formula

R2-CO-CH:-R®
wherein R? and R3 have the above defined meanings, in an organic acid solvent at a temperature

between room temperature and the reflux temperature, to obtain a derivative of the following formula
f

2
Rl \ R3
1o
~ N
| NHZ
R

a) when the compounds of the invention wherein R, R', R? and R3 are as above, R* represents OR®
wherein R® is hydrogen, RS represents nil, x is an additional bond, and y is nil, or the compounds
wherein R. R, R? and R? are as above, R* is an oxygen atom, R® represents R® which is a
hydrogen atom. x is nil and y i1s an additional bond, are desired, a compound of the above formula {lf
is reacted with an equimolar amount or an excess of a isocyanate compound of formula Re-N-CO,
wherein R® is a good leaving group in a suitable solvent and preferably in presence of a basic agent,
at a temperature between about -5 C and 50° C; after recovery of the obtained intermediate Dy
common procedures or directly without purification, a suitable organic solvent is then added and the
mixture is heated at a temperature between 50° C and the reflux temperature; the pure N- or O-
isomer is obtained from the mixture by common separation techniques;

b) when compounds of claim 1 wherein R, R, R? and R® are as above defined, R* represents OR®
wherein R¢ is different from hydrogen, R® represents nil, x is an additional bond. and y is nil, or the
compounds wherein R, R'. R? and R® are as above, R* is an oxygen atom, R® represents R® which
is an hydrogen atom. x is nil and y 1s an additional bond. are desired, they can be obtained by
reacting the corresponding compounds wherein R® is hydrogen [the compounds of pont a)] with a
slight molar excess of a halide of the formula

-halo Vi

wherein R? is as above. and halo represents a halogen atom selected from chlorine, bromine and
iodine, in the presence of a strong alkali agent, at a temperature between 50° and 70" C, for about
1-2 hours, and separating, if necessary, the mixture of N- and O-isomers by means of column
chromatography or fractioned crystaliization:

c) when a compound of formula | is obtained wherein R? is halo(Cz-s)alkyl, it can be transformed
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into a compound of formula | wherein R® is amino(Cz -4 )alkyl, mono- or di-(C1-4)alkyl-amino{Cz-4)-
alkyl, or disubstituted amino(Cz-¢)alkyl, wherein the nitrogen atom is part of a 4, 5, 6 or 7
membered saturated heterocyclic ring which may contain a further heteroatom selected from N, S,
and O and may optionally be substituted with a substituent selected from (C1-4)alkyl, (Cs-7)-
cycloalkyl, phenyl, substituted phenyl, phenyl(C1 —4)alkyl and substituted phenyl(C1-4)alkyl, by
reacting it with-an equimolar amount or a slight molar excess of the proper amine derivative;

d) when a compound of formula | is obtained wherein R® is hydroxy(Cz—-¢)alkyl, it may be
transformed into the corresponding compounds of formula | wherein R® is halo(Cz-s)alkyl, by
reacting it with a halogenating agent;

e) when a compound of formula | is obtained wherein RS and y are nil, x is an additional bond, R* is
OR?, and R® is 2-hydroxyethyl or 2-hydroxypropyl, it can be transformed into the corresponding
compound of formula | wherein x is nil, y is an additional bond, RS is R® and R* is oxygen, by
reacting it with a halogenating agent selected from thionyl or phosphoryl halides and phosphorous
pentachloride; for about 1-4 hours at a temperature between room temperature and about 70°C;

f) when a compound of formula | is desired wherein R* represents R8, R® and y are nil and x is an
additional bond, it can be obtained by reacting a pyrazolamine derivative of formula It

with an equimolar amount or a slight molar excess of a compound of formula
RE-CO-W

wherein R® is as above, and W represents a halogen atom selected from chlorine, bromine and
iodine, a-R°® group or a O-CO-R® group, wherein R represents, together with the adjacent oxygen
atom, a good leaving group which does not interfere with the reaction course, in an anhydrous inert
organic solvent, at a temperature between room temperature and the reflux temperature, thus
obtaining an intermediate compound which is thermally cyclized in the presence of a cyclization
catalyst.

A process as in claim 1 wherein the suitable solvent of step a) is selected from high boiling inert
organic solvents such as glycols containing from 2 to 6 carbon atoms and the corresponding mono-
(Ci-3)alky! ethers or acyl derivatives, benzene, toluene, 5-9 atom membered cycloaikanes, and the
basic agents are tertiary aliphatic or aromatic amines.

A process as in claim 1 wherein the R group of step f) is selected from methyl, ethyl, propyl,
isopropyl, butyl, cyclohexyl, phenyl and tolyl.

A process as in claim 1 wherein the anhydrous inert organic solvent of step f) is acetic acid anhydride.

A process as in claim 1 wherein the cyclization catalyst of step f) is selected from thionyl and
phosphoryl halides.

A process as in claim 1 for preparing a compound of formula | wherein R is (C1-¢)alkyl or (Ca-7)-
cycloalkyl, R' represents (Ci-4)alkyl, R2 represents (C2-Cs)alky! or or pheny! and R3 represents (C1-4)-
alkyl or phenyl, or R? and R?® taken together represent -(CHz), group wherein n is an integer selected
from 3, 4, and wherein one of the -(CHz)- groups is substituted with a
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-CH- ., O a ~NH- or a —?m group
7
(C1_4)alkyl R

wherein R is (C1-4)alkyl, or (Cz-s)alkanoyi group, R* represents R® as above defined, RS is nil, x is an
additional bond and vy is nil, or a pharmaceutically acceptable acid addition salt thereof.

A process as in claim 1 for preparing a compound of formula | which is 6,7.8,9-tetrahydro-1,3-dimethyt-
3H-pyrazolo[3,4-clisoquinoline or a pharmaceutically acceptable acid addition salt thereof.

Revendications

1.

Pyrazolo[3,4—9]pyridine répondant & la formule

N N
5 Y
R

ot leurs sels d'addition aux acides physiologiquement acceptables, dans laquelle

R et R! représentent indépendamment un groupe alkyle en C: & G, cycloalkyle en Cs & Gy, phényle,
phényle substitug, dans lequel un, deux ou trois atomes d'hydrogéne sont remplacés par des
substituants choisis indépendamment parmi les substituants chloro, bromo, fluoro, cyano, nitro, hy-
droxy, mercapto, trifluorométhyle, alkyle en Cs 4 Cs, alcényle en Cz & Ce, alcynyle en Cz & Ce,
cycloalkyle en C; & Gy, alcoxy en C: & Ce, alkylthio en C1 2 G, (alcoxy en C: & Cs)carbonyle, carbo-
(alkyle en C: & Ga), carbo(cycloalkyle en Cs & Cy), sulfinyle, alkylsulfinyle en C+ a Ge ; un groupe
phényl(alkyle en G+ & Cu). (phényl substitué)(aikyle en C+ & Cs), dans lequel les substituants sont tels
que définis ci-dessus ;

R2 représente un atome d'hydrogéne, un groupe alkyle en C: & G., phényle. phényle substitué, dans
lequel les substituants sont tels que définis ci-dessus, phényl(alkyle en C. 4 Ce), (phényl substitué)
(alkyle en C+ & C.), dans Iequel les substituants sont tels que définis ci-dessus ;

R3 représente un groupe alkyle en C- & Ca, phényle, phényle substitué, phényl(alkyle en C: & C:),
(phényl substitué)(alkyle en C. & Ce), dans lequel les substituants sont tels que définis ci-dessus, ou
bien R2 et R? représentent ensemble un groupe -(CH2). dans lequel n est un entier choisi parmi 3, 4, 5
et 6 et un groupe -CHz-peut &tre substitué par un groupe

ou ~N~-
-?H- R =NH-, é?
(C1-4)alkyle

ol R’ représente un groupe alkyle en C: & Ce ou alcanoyle en Cz & Ce :
R* représente R8, -OR? ou un atome d'oxygéne ;
Re représente un atome d'hydrogéne, un groupe alkyle en C: & G, phényle, phényle substitué,
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phényl(alkyle en Ci & Cs), (phényl substitud)(alkyle en C; & Cs), dans lequel les substituants sont tels
que définis ci-dessus ;

R? représente un atome d'hydrogéne, un groupe alkyle en Cy & G, (alcanoyle en Cz 2 Ce)-(alkyle en
C1 & Cq4), hydroxy(alkyle en Cz & Cs), halo(alkyle en Cz & Cs), amino(alkyle en C2 2 C4), mono- ou di-
(alkylamino en C1 & Cs )alkyle en Gz 3 C.) ou (amino disubstitué)(alkyle en C2 4 C), dans lequel
I'atome d'azote fait partie d'un cycle hétérocyclique saturé 4 4, 5, 6 ou 7 mailions choisi parmi les
cycles azétidinyle, pyrrolidyle, pipéridinyle 4-aminopipéridinyle, pipérazinyle, morpholinyle, thiomorpho-
linyle, 4-méthyipipérazinyle, 4-phénylpipérazinyle, 2,6-diméthylpipérazinyle, 3,3-diméthylpipérazinyle,
2,6-diméthylmorpholinyle qui peut, si on le désire, 8tre substitué par un substituant choisi parmi les
groupes alkyie en G1 & Cq, cycloalkyle en Cs & C7, phényle, phényle substitué, phényl(aikyle en C; a
Cs) et (phényl substitué)alkyle en C1 & Cs), dans lequel les substituants du groupe phényle sont tels
que définis ci-dessus ; ,

RS représente R? tel que défini ci-dessus lorsque R* est l'oxygéne, y est une liaison supplémentaire et
x est zéro, ou bien RS représente zéro lorsque x est une liaison supplémentaire, y est zéro et R*
représente R® ou OR?®, sous réserve que, lorsque R, R! et R? sont tels que définis ci-dessus, R* est
I'oxygéne, y est une liaison supplémentaire, x et R sont tous deux zéro, R3 doit &tre différent d'un
groupe alkyle en Ci1 & Cs, avec cette réserve supplémentaire que, lorsque R, R' et R3 sont tels que
définis ci-dessus, R* est R8, y est zéro, et x est une liaison supplémentaire, R2? doit &tre différent d'un
groupe méthyle, et avec cette réserve supplémentaire que, lorsque R est un groupe méthyle, R* doit
alors Btre simultanément différent d'un groupe alkyle en Ci & Cs, phényle, phényl(alkyle en C1 & GC4),
(alcoxy en Ci & Cs)phényle et halophényle, R doit 8tre différent d'un groupe alkyle en G1 & Ce et RZ et
R® doivent &tre différents d'un groupe alkyle en C1 & Cs, phényle, phényl(alkyle en C1 & Cs), (alcoxy
en Ci & Cq)phényle et halophényle.

Composé selon la revendication 1, dans lequel R représente un groupe alkyle en Ci 4 G ou
cycloalkyle en Cs & Gy, R' représente un groupe alkyle en Ci & Cs, R? représente alkyle (C2-C4) ou
phényle et R? représente un groupe alkyle en Ci a C ou phényle, ou R? et R® représentent ensemble
un groupe -(CHz), dans lequel n est un entier choisi parmi 3, 4, et dans lequel un groupe -(CH2)- est
substitué par un groupe

-NH=- ou
-CH= . \7

(c1-4)alkyle

ol R? représente un groupe alkyle en Ci & Ce, alcanoyle en Ca & Cs ; R* représente RE comme défini
ci-dessus, RS est zéro, x est une liaison supplémentaire et y est 26ro, ou un de ses sels d'addition aux
acides pharmaceutiquement acceptable.

Composé 6,7,8,9-tétrahydro-1,3-diméthyI-3H-pyrazolo[S,4-c]isoquinoléine ou un de ses sels d'addition
aux acides pharmaceutiquement acceptables.

Procédé de préparation du composé selon la revendication 1, qui comprend le fait de faire réagir un
dérivé de la pyrazolamine répondant a la formule
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dans laquelle R et R! sont tels que définis dans la revendication 1, avec une quantité équimolaire ou un
excés d'un composé carbonylé répondant 2 la formule
R2-CO-CH»-R?
dans laquelle R2 et R® ont les significations indiquées ci-dessus dans un acide organique comme

solvant, & une température comprise entre la température ambiante et la température du reflux, de
maniére 3 obtenir un dérivé répondant & la formule Ili suivante
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a) lorsqu'on désire les composés de l'invention dans lesquels R, R' , R? et R3 sont fels que ci-
dessus, R* représente OR® ol R® est un atome d'hydrogéne, R°représente 2€ro, x est une liaison
supplémentaire et y est zéro, ou les composés dans lesquels R, R', R2 et R® sont tels que ci-
dessus, R* est un atome d'oxygéne, R® représente R® qui est un atome d'hydrogéne, x est zéro et
y est une liaison supplémentaire, on fait réagir un composé répondant & la formule Il ci-dessus avec
une quantité équimolaire ou un excds d'un isocyanate répondant & la formule R°-N-CO, dans
laquelle R° est un bon groupe partant dans un solvant appropne et de preference en présence d'un
agent basique, & une températiure comprise enire environ 5°Cet50°C; aprés récupération de
I'intermédiaire obtenu par des techniques courantes ou directement sans purification, on ajoute alors
un solvant organique approprié et on chauffe le mélange & une tempéraiure comprise entre 50" C et
la température du reflux ; Iisomére N ou O pur est obtenu & partir du mélange par des techniques
de séparation courantes ;

b) lorsqu'on désire les composés de la revendication 1 dans lesquels R, R', R? et R sont tels que
ci-dessus, R* représente OR? ot R? est différent d'un atome d'hydrogéne, R® représente zéro, x est
une liaison supplémentaire et y est zéro, ou les composés dans lesquels R, R' , R? et R? sont tels
que ci-dessus, R* est un atome d'oxygéne, R® représente R® qui est un atome d'hydrogéne, x est
zéro et y est une liaison supplémentaire, ils peuvent étre obtenus en faisant réagir les composés
correspondants dans lesquels R® est un atome d'hydrogéne [les composés du point a)j avec un
léger excés molaire d'un halogénure répondant a la formule

S-halo Vil

dans laquelle R® est tel que ci-dessus, et halo représente un atome d'nalogéne choisi parmi le
chiore, e brome et l'iode, en présence d'un agent alcalin fort, 2 une température comprise entre
50°C et 70° C pendant environ 1 & 2 heures, et en séparant si nécessaire le mélange des isoméres
N et O par chromatographie sur colonne ou par cristallisation fractionnée ;

¢) lorsqu'on obtient un composé répondant & la formule | dans laquelle R® est un groupe haloalkyle
en Cz a Cq, il peut &tre transformé en un composé répondant 2 la formule | dans laquelle R2 est un
groupe aminoalkyle en Cz & Cs, mono- ou di-(aminoalkyle en C1 a Cas)(alkyle en G, & Ca), ou (amino
disubstitué)(alkyle en Cz a C.), dans lequel l'atome d'azote fait partie d'un cycle hétérocyclique
saturé & 4, 5, 6 ou 7 maillons, qui peut contenir un auire hétéroatome choisi parmi N, S et O et peut
si on le désire Btre substitud par un substituant choisi parmi un groupe alkyle en Ci & Ce,
cycloalkyle en Cs & Cy, phényle, phényl substitué, phénylalkyle en C, & Cs) et (phényl substitué)-
(alkyle en C: & Ca), en le faisant réagir avec une quantité équimolaire ou un léger excés molaire du
dérivé aminé approprié ;

d) lorsqu'on obtient un composé répondant & la formule | dans laquelle R? est un groupe
hydroxyalkyle en Cz & Ca, il peut étre transformé en les composés correspondants répondant a la
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formule 1, dans laquelle R® est un groupe haloalkyle en G2 4 Cs, en le faisant réagir avec un agent
d'halogénation ;

e) lorsqu'on obtient un composé répondant 3 la formule | dans laquelle RS et y sont zéro, x est une
ligison supplémentaire R* est OR® et R® est un groupe 2-hydroxyéthyle ou 2-hydroxypropyle, il peut
8ire transformé en le composé correspondant répondant & la formule | dans laquelle x est zéro, y
est une liaison supplémentaire, R® est R®, et R* est I'oxygéne, en le faisant réagir avec un agent
d'halogénation choisi parmi les halogénures de thionyle ou de phosphoryle et le pentachlorure de
phosphore, pendant environ 1 3 4 heures, 4 une température comprise entre la température
ambiante et environ 70" C ;

f) lorsqu'on désire un composé répondant 3 la formule | dans laquelle R* représente R®, R° ety
sont zéro et x est une liaison supplémentaire, il peut étre obtenu en faisant réagir un dérivé de la

pyrazolamine répondant 2 la formule fll

avec une quantité équimolaire ou un léger excés molaire d'un composé répondant 2 la formule
RE-CO-W

dans laquelle R® est tel que défini ci-dessus et W représente un atome d'halogéne choisi parmi le
chlore, le brome et I'iode, un groupe R° ou un groupe 0-CO-R8, dans lequel R représente, avec
I'atome d'oxygéne adjacent, un bon groupe partant qui n'interfére pas avec le cours de la réaction,
dans un solvant organique inerte anhydre, 2 une température comprise entre la température
ambiante et la température du reflux, pour obtenir ainsi un composé intermédiaire qui est cyclisé
thermiquement en présence d'un catalyseur de cyclisation.

Procédé selon la revendication 4, dans lequel le solvant approprié du stade a) est choisi parmi des
solvants organiques inertes de point d'ébullition élevé tels que des glycols en Cz2 & Ce et les éthers
mono(alkyliques en Ci & C3) ou les dérivés acylés correspondants, le benzéne, le toluéne des
cycloalcanes & maillons de 5 2 9 atomes, et les agents basiques sont des amines aliphatiques ou
aromatiques tertiaires.

Procédé selon la revendication 4, dans lequel le groupe R*® du stade f) est choisi parmi les groupes
méthyle, éthyle, propyle, isopropyle, butyle, cyclohexyle, phényle et tolyle.

Procédé selon la revendication 4, dans lequel le solvant organique inerte anhydre du stade f) est
['anhydride acétique.

Procédé selon la revendication 4, dans lequel le catalyseur de cyclisation du stade f) est choisi parmi
les halogénures de thionyle et de phosphoryle.

Composition pharmaceutique comprenant au moins un composé de la revendication 1.

10. Composé selon la revendication 1 pour I'utilisation comme médicament.

Revendications pour I'Etat contractant suivant: AT

1.

Procédé de préparation d'une pyrazolo[3,4-t_;]-pyridine répondant 2 la formule
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et leurs sels d'addition aux acides physiologiquement acceptables, dans lacuelle

R et R' représentent indépendamment un groupe alkyle en C: A Cs, cycloalkyle en Cs & Gy, phényle,
phényle substitué, dans lequel un, deux ou frois atomes d'hydrogéne sonf remplacés par des
substituants choisis indépendamment parmi les substituants chloro, bromo, fluoro cyano, nitro, hydroxy,
mercapto, trifluorométhyle, alkyle en G+ & Ce, alcényle en Gz 3 Cu, alcynyle en Gz & Cs, cycloalkyle en
Cs a Gy, alcoxy en Ci & Ca, alkylthio en C1 & Ca, (alcoxy en Gy 3 Cu)carbonyle, carbo(alkyle en G &
C.), carbo(cycloalkyle en Cs & Cy), suffinyle, alkylsulfinyle en Cs & Cu; un groupe phényl(alkyle en Cs
& Cs). (phényl substitué)(alkyle en C1 & Ce), dans lequel les substituants sont tels que définis ci-dessus
R2 représente un atome d'hydrogéne, un groupe alkyle en Cs 3 Cq, phényle, phényle substitué, dans
lequel les substituants sont tels que définis ci-dessus, phényl(alkyle en Ci & Ce), (phényl substitué)-
(alkyle en C: & GCs), dans lequel les substituants sont tels que définis ci-dessus ;

R® représente un groupe alkyle en Ci & Ce, phényle, phényle substitug, phényl(alkyle en G+ & G),
(phény! substitué)(alkyle en C: a Ge), dans lequel les substituants sont tels que définis ci-dessus, ou
bien R2 et R® représentent ensemble un groupe -(CHa2),, dans lequel n est un entier choisi parmi 3,45
et 6 et un groupe -CH:-peut &tre substitué par un groupe

ou "I,q‘

-CH— ¢ “NH- ’ R7

{
(Ci-4) aikyle

ot R’ représente un groupe alkyle en C: & Cs ou alcanoyle en Cz i Cs ;

R* représente RE, -OR? ou un atome d'oxygéne ;

R® représente un atome d'hydrogéne, un groupe alkyle en C: a Ce, phényle, phényle substitué,
phényl(alkyle en C: & Ce), (phényl substitué)(alkyle en Cs 3 Cs), dans lequel les substituants sont tels
que définis ci-dessus ;

R® représente un atome d'hydrogéne, un groupe alkyle en C+ & Ca. (alcanoyle en C: a Cs)-(alkyle en
C- & C.). hydroxy(alkyle en Cz & Ce), halo(alkyle en C2 & C.), amino(alkyle en C: a C.), mono- ou di-
(alkylamino en C+ & Ce)(alkyle en C: & Cs) ou (amino disubstitué)(atkyle en C, & C.), dans lequel
I'atome d'azote fait partie d'un cycle hétérocyclique saturé & 4, 5, 6 ou 7 maillons choisi parmi les
cycles azétidinyle, pyrrolidyle, pipéridinyle, 4-aminopipéridinyle, pipérazinyle, morpholinyle. thiomor-
pholinyle, 4-méthylpipérazinyle, 4-phénylpipérazinyle, 2 B-diméthylpipérazinyle, 3,3-diméthylpipéraziny-
le, 2,6-diméthylmorpholinyle qui peut, si on le désire, étre substitué par un substituant choisi parmi les
groupes alkyle en C:+ & Cs, cycloalkyle en Cs 4 C7, phényle, phényle substitué, phényl(alkyle en C: 2
Cs) et (phényl substitué) (alkyle en C+ & Cs), dans lequel les substituants du groupe phényle sont tels
que définis ci-dessus ;

RS représente R® tel que défini ci-dessus lorsque R* est 'oxygéne. y est une liaison supplémentaire et
x est zéro. ou bien R® représente zéro lorsque x est une liaison supplémentaire, y est zéro et R*
représente R&8 ou OR?, sous réserve que, lorsque R, R' et 82 sont tels que définis ci-dessus, R* est
I'oxygéne, y est une liaison supplémentaire, x et R9 sont tous deux zéro, R3 doit &tre différent d'un
groupe alkyle en C1 a Ca, avec cette réserve supplémentaire que, lorsque R, R' et R® sont fels que
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définis ci-dessus, R* est RE, y est zéro, et x est une liaison supplémentaire, R? doit étre différent d'un
groupe méthyle, et avec cette réserve supplémentaire que, lorsque R’ est un groupe méthyie, R* doit
alors 8tre simultanément différent d'un groupe alkyle en C1 & Cs, phényle, phényl(alkyle en Ci a Cs),
(alcoxy en C1 & Ca)phényle et halophényle, R doit &tre différent d'un groupe alkyle en Ci 2 Cs et R2 et
R® doivent &tre différents d'un groupe alkyle en Cy & Ca, phényle, phényi(alkyle en C; a C4), (alcoxy
en Ci & Cu)phényle et halophényle, comprenant le fait de faire réagir un dérivé de la pyrazolamine
répondant & la formule

dans laquelle R et R' sont tels que définis ci-dessus, avec une quantité équimolaire ou un excés d'un
composé carbonylé répondant & la formule

R2-CO-CH»-R3
dans laquelle R2 et R3 ont les significations indiquées ci-dessus dans un acide organique comme

solvant, 3 une température comprise entre la température ambiante et la température du reflux, de
maniére & obtenir un dérivé répondant a la formule lll suivante

a) lorsqu'on désire les composés de I'invention dans lesquels R, R' , R2 et A% sont tels que ci-
dessus, R* représente OR?® ol R? est un atome d'hydrogéne, RS représente zéro, x est une liaison
supplémentaire et y est zéro, ou les composés dans lesquels R, R', R? et R3 sont tels que ci-
dessus, R* est un atome d'oxygéne, R® représente R® qui est un atome d'hydrogéne, x est zéro et
y est une liaison supplémentaire, on fait réagir un composé répondant & la formule lil ci-dessus avec
une quantité équimolaire ou un exces d'un isocyanate répondant 2 la formule R°-N-CO, dans
laquelle R° est un bon groupe partant dans un solvant approprié et de préférence en présence d'un
agent basique, 2 une températiure comprise entre environ -5°C et 50° C ; aprés récupération de
I'intermédiaire obtenu par des techniques courantes ou directement sans purification, on ajoute alors
un solvant organique approprié et on chauffe le mélange 3 une température comprise entre 50" C et
la température du reflux ; I'isomére N ou O pur est obtenu 4 partir du mélange par des technigques
de séparation courantes ;

b) lorsqu'on désire les composés de l'invention dans lesquels R, R' , R? et R® sont tels que ci-
dessus, R* représente OR? ol R® est différent d'un atome d'hydrogéne, RS représente zéro, x est
une liaison supplémentaire et y est zéro, ou les composés dans lesquels R, R', R? et R® sont tels
que ci-dessus, R* est un atome d'oxygéne, R® représente R® qui est un atome d'hydrogéne, x est
z6ro et y est une liaison supplémentaire, ils peuvent &tre obtenus en faisant réagir les composés
correspondants dans lesquels R® est un atome d'hydrogéne [les composés du point a)] avec un
léger excés molaire d'un halogénure répondant a la formule
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Ré-halo VI

dans laquelle R? est tel que ci-dessus, et halo représente un atome d'halogéne choisi parmi le
chlore, le brome et Iode, en présence d'un agent alcalin for, & une température comprise enire
50° C et 70° C pendant environ 1 & 2 heures, et en séparant si nécessaire le mélange des isoméres
N et O par chromatographie sur colonne ou par cristallisation fractionnée ;

c) lorsqu'on obtient un composé répondant a la formule | dans laquelle R® est un groupe haloalkyle
en C2 & Cs, il peut &tre transformé en un composé répondant 4 la formule | dans laquelle R® est un
groupe aminoalkyle en C2 & Ce, mono- ou di-(aminoalkyle en Gi & Ca)(alkyle en Cz & Cs), ou (amino
disubstitué)(alkyle en Cz & C.), dans lequel I'atome d'azote fait partie d'un cycle hétérocyclique
saturé 3 4, 5, 6 ou 7 maillons, qui peut contenir un autre hétéroatome choisi parmi N, 8 et O et peut
si on le désire &tre substitud par un substituant choisi parmi un groupe alkyle en C: & Ce,
cycloalkyle en Cs & Gy, phényle, phényl substitué, phényl(alkyle en C: & Cu) et (phényl substitué)-
(alkyle en C1 & Cs), en le faisant réagir avec une quantité équimolaire ou un léger excés molaire du
dérivé aminé approprié ;

d) lorsqu'on obtient un composé répondant & la formule | dans laguelle R? est un groupe
hydroxyalkyle en Cz & Ce, il peut &ire transformé en les composés correspondants répondant & la
formule 1, dans lasquslle RS est un groupe haloalkyle en Cz & G4, en le faisant réagir avec un agent
d'halogénation ;

e) lorsqu'on obtient un composé répondant a la formule | dans laquelle R® et y sont zéro, x est une
lisison supplémentaire, R* est OR? et R® est un groupe 2-hydroxyéthyle ou 2-hydroxypropyle, il
peut étre transformé en le composé correspondant répondant & la formule | dans laquelle x est zgro,
y est une liaison supplémentaire, R® est R®, et R* est 'oxygéne, en le faisant réagir avec un agent
d'halogénation choisi parmi les halogénures de thionyle ou de phosphoryle et le pentachlorure de
phosphore, pendant environ 1 4 4 heures, & une itempérature comprise entre la température
ambiante et environ 70" C ;

f) lorsqu'on désire un composé répondant & la formule | dans laquelle R* représente RE, RS ot y
sont z&ro et x est une liaison supplémentaire, il peut &tre obtenu en faisant réagir un dérivé de la
pyrazolamine répondant & la formule Il

avec une quantité équimolaire ou un iéger excés molaire d'un composé répondant 3 la formule
RE-CO-W

dans laquelle R? est tel que défini ci-dessus et W représente un atome d'halogéne choisi parmi le
chiore, le brome et Iiode, un groupe R ou un groupe O-CO-RE, dans lequel R* représente, avec
I'atome d'oxygéne adjacent. un bon groupe partant qui n'interfére pas avec le cours de la réaction,
dans un solvant organique inerie anhydre, 4 une température comprise entre la température
ambiante et la température du reflux, pour obtenir ainsi un composé intermédiaire qui est cyclisé
thermiquement en présence d'un catalyseur de cyclisation.

Procédé selon la revendication 1, dans lequel le solvant approprié du stade a) est choisi parmi des
solvants organiques inertes de point d'ébullition élevé tels que des glycols avec 2 & 6 atomes de
carbone et les éthers mono(alkyliques en Ci & Cs3) ou les dérivés acylés correspondants, le benzéne, le
toludne, des cycloalcanes & maillons de 5 & 9 atomes, et les agents basigues sont des amines
aliphatiques ou aromatiques tertiaires.
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3. Procédé selon la revendication 1, dans lequel le groupe R° du stade f) est choisi parmi les groupes
méthyle, éthyle, propyle, isopropyle, butyle, cyclohexyle, phényle et tolyle.

4. Procédé selon la revendication 1, dans lequel le solvant.organique inerte du stade f) est I'anhydride
acétique.

5. Procédé selon la revendication 1, dans lequel le catalyseur de cyclisation du stade ) est choisi parmi
les halogénures de thionyle et de phosphoryle.

6. Procédé selon la revendication | pour préparer un composé répondant & la formule | dans laguelle R
est un groupe alkyle en Gi & Cs ou cycloalkyle en Cs 4 C7, R représente un groupe alkyle en Ci a
C:, R? représente alkyle(C2-Cq) ou phényle et R? représente un groupe alkyle en Ci & Cs ou phényle
ou bien R? et R3 représentent ensemble un groupe -(CHz); dans lequel n est un entier choisi parmi 3 et
4, et dans lequel un des groupes -(CHz)- est substitué par un groupe

ou ~NH~- ol =N=-.
L ¢
" alkyle
(€;_4)
dans lequel R7 est un groupe alkyle en Cs a C4, alcanoyle en Cz 2 Cs, R* représente R® tel que défini
ci-dessus, RS est zéro, x est une liaison supplémentaire et y est 2éro, ou un de ses sels d'addition aux
acides pharmaceutiquement acceptables.

7. Procédé selon la revendication 1 pour préparer un composé répondant 3 la formule | qui est la 6,7.8,8-
tétrahydro-1,3-diméthy|-3H-pyrazoIo[3,4-c]isoquinoléine ou un de ses sels d'addition aux acides phar-
maceutiquement acceptables.

Anspriiche

1. Pyrazolo[3,4-b]pyridine der Formel

Ny Z v
| g
R R

und ihre physiologisch vertraglichen Siureadditionssalze, in der

R und R' unabhingig voneinander einen (Ci-¢)-Alkyl-, (C3-7)-Cycloalkyl-, Phenyl-, substituierten
Phenylrest, in dem ein, zwei oder drei Wasserstoffatome durch Substituenten ersetzt sind, die
unabhzngig ausgewahlt sind aus Chior-, Brom- oder Fluoratomen, Cyano-, Nitro-, Hydroxy-, Mercapto-,
Trifluormethyl-, (C1-4)-Alkyl, (C2-2)-Alkenyl-, (C2-4)-Alkinyl-, (Cs-7)-Cycloalkyl-, (C1~4)-Alkoxy-, (C1-4)-
Alkylthio-, (C1-4)-Alkoxycarbonyl-, Carbo-(C1 -s)-alkyl-, Carbo-(Cs-7)-cycloalkyl-, Sulfinyl-und (C1-4)-
Alkylsuffinylresten, Phenyl-(C: -s)-alkyl- oder substituierte Phenyl-(C:-4)-alkylreste bedeuten, wobei die
Substituenten wie vorstehend definiert sind,
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R2 ein Wasserstoffatom, einen (C1-¢)-Alkyl-, Phenyl-, substituierten Phenylrest, wobei die Substituenten
wie vorstehend definiert sind, Phenyl-(C1-s)-alkyl- oder substituierten Phenyl-(C-e)-alkylrest darstellt,
wobei die Substituenten wie vorstehend definiert sind,

R3 einen (C1-¢)-Alkyl-, Phenyl-, substituierten Phenyl-, Phenyl-(C1 -¢)-alkyl- oder substituierten Phenyl-
(C1-s)-alkylrest bedeutet, wobei die Substituenten wie vorstehend definiert sind, oder R? und R®
zusammen einen Rest -(CHz).-bedeuten, wobei n eine ganze Zahi im Wert von 3, 4, 5 oder € ist, und
eine -CH2-Gruppe durch einen der Reste

~CH- , -NH=, oder “'?; 0
R
(Cy_4)-Alkyl

substituiert sein kann,

wobei

R? einen {C1-2)-Alkyl- oder (C2—-s)-Alkanoylrest darstellt;

R* einen der Reste R?, -OR? oder ein Sauerstoffatom darstellt;

RE ein Wasserstoffatom, einen (C1—-q)-Alkyl-, Phenyl-, substituierten Phenyl-, Phenyl-(C:-:)-alkyl- oder
substituierten Phenyl-(C -4)-alkylrest bedeutet, wobei die Substituenten wie vorsiehend definiert sind,
R® ein Wasserstoffatom, einen (Ci-z)-Alkyl-, (C2-s)-Alkanoyl-(C1-s)-alkyl-, Hydroxy-(Cz-s)-alkyl-,
Halogen-(C2 -4 )-alkyl-, Amino-(Cz-¢)-alkyl-, Mono-oder Di-(C1 -« )-alkylamino-(Cz -4 )-alkyl- oder disubsti-
tuierten Amino-(Cz-¢)-alkylrest, wobei das Stickstoffatom Teil eines 4-, 5-, 6- oder 7gliedrigen gesittig-
ten heterocyclischen Rings ist, ndmiich einer Azetidinyl-, Pyrrolidyl-, Piperidinyl-, 4-Aminopiperidinyl-,
Piperazinyl-, Morpholinyl-,  Thiomorpholinyl-,  4-Methylpiperazinyl-, 4-Phenylpiperazinyl-, 2,6-
Dimethyipiperazinyl-, 3,3-Dimethylpiperazinyl- oder 2,6-Dimethylmorpholinylgruppe, welche gegebenen-
falls mit einem Substituenten, ausgewihlt aus (C1-4)-Alkyl-, (Cs-7)-Cycloalkyl-, Phenyl-, substituierten
Phenyl-, Phenyl-(C1 -« )-alkyl-und substituierten Phenyl-(C1 -« )-alkylresten, substituiert sein kénnen, wo-
bei die Substituenten der Phenylgruppe wie vorstehend definiert sind, bedsutet.

RS den Rest R® gemiB vorstehender Definition darstellt, wenn R* ein Sauerstoffatom ist, y eine
zusitzliche Bindung bedeutet und x nicht vorhanden ist, oder R® nicht vorhanden ist, wenn x eine
zusitzliche Bindung bedeutet, y nicht vorhanden ist und R* einen der Reste R® oder OR® darstellt. mit
der MaBgabe. daB, wenn R. R" und R? wie vorstehend definiert sind, R* ein Sauerstoffatom bedeuiet, y
eine zusitzliche Bindung darstellt, sowohl x als auch R® nicht vorhanden sind. R2 keinen (C:-Ce)-
Alkylrest bedeuten darf, mit der weiteren Mafgabe, daB, wenn R, R' und R3 wie vorstehend definiert
sind. B¢ den Rest R® bedeutet, y nicht vorhanden ist und x eine zusitzliche Bindung darstellt, R? keine
Methylgruppe bedeuten darf. und mit der weiteren MaBgabe, daB, wenn R' eine Meihylgruppe
bedeutet, dann gleichzeitig R* keinen C--Ce-Alkyl-, Phenyl-, Phenyl-(C:-Cs)-alkyl-, C:-Ce-Alkoxyphenyl-
und Halogenphenylrest bedeuten darf, R keinen C.-Cs-Alkylrest bedeuten darf und R? und R2 keinen
G+-Cs-Alkyl-, Phenyl-, Phenyl-C.-Ce-alkyl-, C+-Cs-Alkoxyphenyl- und Halogenphenylrest bedeuten diir-
fen.

Verbindung nach Anspruch 1. in der R einen (C:-s)-Alkyl- oder (C;-7)-Cycloalkylrest bedeutet, R’
einen (C.-:)-Alkyirest darstellt. R° (C2-C.)Alkyl oder Phenyl darstellt, und R® einen (C.-s)-Alkyirest
oder eine Phenylgruppe bedeuten oder R? und R® zusammen einen Rest -(CH:),- bedeuten, in dem n
eing ganze Zahl von 3 oder 4 1st, und wobei eine der -{CH>)-Gruppen mit einem der Reste

-CiH- ’ ' =NH- oder =N~
(C;_q)-Alkyl £7

substituiert ist. wober R7 emnen (C1-s)-Alkyl- oder (Cz-¢)-Alkanoylrest bedeutet, R* den Rest R® gem&s
vorstehender Definition darstellt, R® nicht vorhanden ist, x eine zusitzliche Bindung darstellt und y nicht
vorhanden ist, oder ein pharmazeutisch vertrdgliches S8ureadditionssalz davon.

Eine Verbindung, namlich 8,7,8,9-Tetrahydro-1,3-dimethyl-3H-pyrazolo[3,4-clisochinolin oder ein phar-
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mazeutisch vertrdgliches Sdureadditionssalz davon.

Verfahren zur Herstellung einer Verbindung nach Anspruch 1, umfassend die Umsetzung eines
Pyrazolamin-Derivates der Formel .

in der R und R! wie in Anspruch 1 definiert sind, mit einer dquimolaren Menge oder eines Uberschus-
ses einer Carbonylverbindung der Formel

R2-CO-CH2-R3
in der R2 und R3 die vorstehend angegebenen Bedeutungen haben, in einer organischen Sdure als

L3sungsmittel bei einer Temperatur zwischen Raumtemperatur und der RickfluBtemperatur, wobei ein
Derivat der folgenden Formel Iii erhalten wird

a) wenn die Verbindungen der Erfindung, in denen R, R', R2 und R? wie vorstehend definiert sind,
R* den Rest OR? bedeutet, wobei R? ein Wasserstoffatom darstellt, R® nicht vorhanden ist, x eine
zusitzliche Bindung bedeutet und y nicht vorhanden ist, oder die Verbindungen, in denen R, R', R?
und R3 wie vorstehend definiert sind, R* ein Sauerstoffatom bedeutet, R® den Rest R? darstellt,
welcher ein Wasserstoffatom ist, x nicht vorhanden ist und y eine zusétzliche Bindung bedeutet,
gewiinscht sind, eine Verbindung der vorstehenden Formel Il mit einer dquimolaren Menge oder
ecinem UberschuB einer Isocyanat-Verbindung der Formel R°-N-CO, in der R° gine gut austretende
Gruppe ist, in einem geeigneten LSsungsmitte! und vorzugsweise in Gegenwart eines basischen
Stoffes bei einer Temperatur zwischen etwa -5°C und 50° C umgesetzt wird; nach Gewinnung des
erhaltenen Zwischenproduktes durch lbliche Verfahren oder direkt ohne Reinigung ein geeignetes
organisches Lsungsmittel dann zugegeben und das Gemisch auf eine Temperatur zwischen 50" C
und der RuckfluBtemperatur erhitzt wird; das reine N- oder O-lsomere aus dem Gemisch durch
{ibliche Trennverfahren erhalten wird;

b) wenn Verbindungen nach Anspruch 1, in denen R, R'. R? und R3 wie vorstehend definiert sind, R*
den Rest OR? bedeutet, in dem R? eine andere Bedeutung als Wasserstoff hat, RS nicht vorhanden
ist, x eine zusitzliche Bindung bedeutet und y nicht vorhanden ist, oder die Verbindungen, in denen
R, R', R2 und R® wie vorstehend definiert sind, R* ein Sauerstoffatom bedeutet, RS den Rest R?
darstellt, der ein Wasserstoffatom ist, x nicht vorhanden ist und y eine zusitzliche Bindung bedeutet,
gewiinscht werden, kdnnen sie durch Umsetzung der entsprechenden Verbindungen, in denen R?®
ein Wasserstoffatom bedeutet, [die Verbindungen von Punkt a)] mit einem leichten molaren Uber-
schuf} eines Halogenids der Formel
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R3-Halogen Vill

in der R® wie vorstehend definiert ist, und Halogen ein Halogenatom, némlich ein Chlor-, Brom- cder
Jodatom, bedeutet, in Gegenwart eines stark alkalischen Stoffs bei einer Temperatur zwischen 50
und 70°C flr etwa 1 bis 2 h und - falls erforderlich - Trennen des Gemisches der N- und O-
Isomeren mit Hilfe von Siulenchromatographie oder fraktionierter Kristallisation erhalten werden;

c) wenn eine Verbindung der Formel | erhalien wird, in der R® einen Halogen-(Co~¢)-alkylrest
bedeutet, kann sie durch Umsetzung mit einer dquimolaren Menge oder einem leichten molaren
UberschuB des betreffenden Aminderivates in eine Verbindung der Formel | umgewandelt werden, in
der RS einen Amino-(Cz—2)-alkyl-, Mono- oder Di-(C1-s)-alkylamino-(Cz2~s)-alkyl-oder disubstituierten
Amino-(C2—c)-alkylrest darstellt, wobei das Stickstoffatom Teil eines 4-, 5-, 6- oder 7gliedrigen
gesittigien heterocyclischen Rings ist, welcher ein weiteres Heteroatom, ausgewdhlt aus N, S und
O, enthalten kann, und welcher gegebenenfalls mit einem Substituenten substituiert sein kann,
ausgewdhlt aus (Ci-s)-Alkyl-, (Cs-7)-Cycloalkyl-, Phenyl-, substituiertern Phenyl-, Phenyl=(C1 ~¢)-
alkyl und substituiertem Phenyl-(C: -s)-alkylresten;

d) wenn eine Verbindung der Formel | erhalten wird, in der R? einen Hydroxy-(Cz-q)-alkylrest
bedeutet, kann sie durch Umsetzung mit einem Halogenierungsmittel in die entsprechenden Verbin-
dungen der Formel | umgewandelt werden, in denen R® einen Halogen-(Cz-4)-alkylrest bedeutet;

e) wenn eine Verbindung der Formel | erhalten wird, in der R® und y nicht vorhanden sind, x eine
zusitzliche Bindung bedeutet, R* den Rest OR® bedeutet und R® eine 2-Hydroxyethyl-oder 2-
Hydroxypropylgruppe darstellt, kann sie durch Umsetzung mit einem Halogenierungsmitiel, ausge-
wihlt aus Thionyl- oder Phosphorylhalogeniden und Phosphorpentachlorid, fir etwa 1 bis 4 h bei
siner Temperaiur zwischen Raumtemperatur und etwa 70° C in die enisprechende Verbindung der
Formel | umgewandelt werden, in der x nicht vorhanden ist, y eine zusitzliche Bindung bedeutet, RS
den Rest R® darstellt und R* ein Sauersioffatom bedeutet;

f) wenn eine Verbindung der Formel | gewlinscht wird, in der R* einen Rest R® bedeutet, R> und y
nicht vorhanden sind, und x eine zusitzliche Bindung bedeutet, kann sie durch Umsetzung eines
Pyrazolamin-Derivates der Formel 1l

mit einer Aquimolaren Menge oder einem leichten molaren Uberschuf einer Verbindung der Formet
R#-CO-W

in der R® wie vorstehend definiert ist und W ein Halogenatom, ausgew#hlt aus Chlor-, Brom- und
Jodatomen, einen Rest R° oder einen Rest O-CO-R® bedeutet, wobei R zusammen mit dem
benachbarten Sauerstoffatom eine gut austretende Gruppe darstellt, die in den Reaktionsablauf nicht
eingreift, in einem wasserfreien, inerten organischen L8sungsmittel bei einer Temperatur zwischen
Raumtemperatur und der RuckfluBtemperatur erhalten werden, wobei eine Zwischenverbindung
erhalten wird, die thermisch in Gegenwart eines Cyclisierungskatalysators cyclisiert wird.

Verfahren nach Anspruch 4, wobei das geeignete L&sungsmittel von Stufe a) aus hochsiedenden
inerten organischen L&sungsmitteln, wie Glykolen mit 2 bis 6 Kohlenstoffatomen und den entsprechen-
den Mono-(C: -3)-alkylethern oder -acylderivaten, Benzol, Toluol, 5 bis 9 Atomen umfassenden Cycloal-
kanen ausgewihit ist und die basischen Stoffe tertidre aliphatische oder aromatische Amine sind.

Verfahren nach Anspruch 4, wobei der Rest R% der Stufe f) eine Methyl-, Ethyl-, Propyl-, Isopropyl-,
Butyl-, Cyclohexyl-, Phenyl- oder Tolylgruppe ist.
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Verfahren nach Anspruch 4, wobei das wasserfreie, inerte, organische L&sungsmittel der Stufe f)
Essigsdureanhydrid ist.

Verfahren nach Anspruch 4, wobei der Cyclisierungskatalysator der Stufe f) ein Thionyl- oder Phospho-
rylhalogenid ist.

Arzneimittel, umfassend mindestens eine Verbindung nach Anspruch 1.

Eine Verbindung nach Anspruch 1 zur Verwendung als Arzneistoff. |

Patentanspriiche fiir folgenden Vertragsstaat: AT

1.

Verfahren zur Herstellung von Pyrazolo[3,4-b]pyridinen der Formel

und ihrer physiologisch vertrédglichen S4ureadditionssalze, in der

R und R' unabhingig voneinander einen (C1-6)-Alkyl-, (C3-7)-Cycloalkyl-, Phenyl-, substituierten
Phenylrest, in dem ein, zwei oder drei Wasserstoffatome durch Substituenten ersetzt sind, die
unabhzngig ausgewahit sind aus Chior-, Brom- oder Fluoratomen, Cyano-, Nitro-, Hydroxy-, Mercapto-,
Trifluormethyl-, (C1-4)-Alkyl, (C2-4)-Alkenyl-, (Cz2-4)-Alkinyl-, (Ca-7)-Cycloalkyl-, (C1-4)-Alkoxy-, (C1-4)-
Alkyithio~, (C1-4)-Alkoxycarbonyl-, Carbo-(C1-¢)-alkyl-, Carbo-(Cs~7)-cycloalkyl-, Sulfinyl-und (C1-4)-
Alkylsulfinylresten, Phenyl-(C1-4)-alkyl- oder substituierte Phenyl-(Cir<HS 10 -4)-alkylreste bedeuten,
wobei die Substituenten wie vorstehend definiert sind,

R2 ein Wasserstoffatom, einen (Ci1 -+)-Alkyl-, Phenyl-, substituierten Phenylrest, wobei die Substituenten
wie vorstehend definiert sind, Phenyl-(C1-4)-alkyl- oder substituierten Phenyl-(C1-4)-alkylrest darstellt,
wobei die Substituenten wie vorstehend definiert sind,

R3 einen (C1-a)-Alkyl-, Phenyl-, substituierten Phenyl-, Phenyl-(C, -4)-alkyl- oder substituierten Pheny!-
(C1-4)-alkylrest bedeutet, wobei die Substituenten wie vorstehend definiert sind, oder R? und R®
zusammen einen Rest -(CHa).-bedeuten, wobei n eine ganze Zah! im Wert von 3, 4, 5 oder 6 ist, und
eine -CH»-Gruppe durch einen der Reste

‘C‘:B" , ~NE=, oder "},J',; '
(Cy_4)=~Alkyl R

substituiert sein kann,

wobei

R7 ginen (Ci-4)-Alkyl- oder (C2~)-Alkanoylrest darstellt;

R* einen der Reste RE, -OR? oder ein Sauerstoffatom darstelit;

RE ein Wasserstoffatom, einen (C1-+)-Alkyl-, Phenyl-, substituierten Phenyl-, Phenyi-(C1-4)-alkyl- oder
substituierten Phenyl-(C1 -« )-alkylrest bedeutet, wobei die Substituenten wie vorstehend definiert sind,
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R® ein Wasserstoffatom, einen (Ci-z)-Alkyl-, (Cz-s)-Alkanoyl-(C1-e¢)-alkyl-, Hydroxy=(Cz -2 )-alkyl-,
Halogen-(C2-2)-alkyl-, Amino-(Cz-4)-alkyi-, Mono-oder Di-(C1-4)-alkylamino-(Cz -« )-alkyl- oder disubsti-
tuierten Amino-(Cz-¢)-alkylrest, wobei das Stickstoffatom Teil eines 4-, 5-, 6- oder 7gliedrigen geséttig-
ten heterocyclischen Rings ist, ndmlich einer Azetidinyl-, Pyrrolidyl-, Piperidinyl-, 4-Aminopiperidinyl-,
Piperazinyl-, Morpholinyl-,  Thiomorpholinyl-, 4-Methylpiperazinyl-,  4-Phenylpiperazinyl-, 2,6-
Dimethylpiperazinyl-, 3,3-Dimethylpiperazinyl- oder 2,6-Dimethylmorpholinylgruppe, welche gegebenen-
falls mit einem Substituenten, -ausgewihlt aus (C1-2)-Alkyl-, (Cs-7)-Cycloalkyl-, Phenyl-, substituierien
Phenyl-, Phenyl-(C1 -¢)-alkyl-und substituierten Phenyl-(C1-4)-alkylresten, substituiert sein kénnen, wo-
bei die Substituenten der Phenylgruppe wie vorstehend definiert sind, bedeutet,

RS den Rest R® gem#B vorstehender Definition darstellt, wenn R* ein Sauerstoifaiom ist, y eine
zusitzliche Bindung bedeutet und x nicht vorhanden ist, oder RS nicht vorhanden isi, wenn x eine
zusitziiche Bindung bedeutet, y nicht vorhanden ist und R* einen der Reste R® oder OR? darstellt, mit
der MaBgabe, daB, wenn R, R' und R? wie vorstehend definiert sind, R* ein Sauerstoffaiom bedeutet, y
eine zusitzliche Bindung darstellt, sowohl x als auch R? nicht vorhanden sind, R3® keinen (C:-Ca)-
Alkylrest bedeuten darf, mit der weiteren MaBgabe, daB, wenn R, R! und R3 wie vorstehend definiert
sind, R* den Rest R® bedeutet, y nicht vorhanden ist und x eine zusétzliche Bindung darstelli, R? keine
Methylgruppe bedeuten darf, und mit der weiteren MaBgabe, daB, wenn R' eine Methylgruppe
bedeutet, dann gleichzeitig R* keinen C1-Ce-Alkyl-, Phenyl-, Pheny!-(C1-Cas)-alkyl-, C+-Ca-Alkoxyphenyl-
und Halogenphenylrest bedeuten darf, R keinen C:-Cs-Alkylrest bedeuien darf und R? und R3 keinen
C1-Cs-Alkyl-, Phenyl-, Phenyl-C1-Cs-alkyl-, C1-Ca-Alkoxyphenyl- und Halogenphenylrest bedeuten dir-
fen; welches umfaBt Umsetzung eines Pyrazolamin-Derivates der Formel

in der R und R! wie vorstehend definiert sind, mit einer dquimolaren Menge oder eines Uberschusses
einer Carbonylverbindung der Formel

R2-CO-CH:-R?
in der R? und R?® die vorstehend angegebenen Bedeutungen haben, in einer organischen Sdure als

L&sungsmittel bei einer Temperatur zwischen Raumtemperatur und der Riickflutemperatur, wobei ein
Derivat der folgenden Formel Il erhalten wird

a) wenn die Verbindungen der Erfindung, in denen R, R', R2 und R3 wie vorstehend definiert sind,
R* den Rest OR® bedeutet, wobei R® ein Wasserstoffatom darstellt, R® nicht vorhanden ist, x eine
zusitzliche Bindung bedeutet und y nicht vorhanden ist, oder die Verbindungen, in denen R, R, R
und R3 wie vorstehend definiert sind, R* ein Sauerstoffatom bedeutet, R® den Rest R® darstellt,
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welcher ein Wasserstoffatom ist, x nicht vorhanden ist und y eine zusétzliche Bindung bedeutet,
gewlinscht sind, eine Verbindung der vorstehenden Formel Ill mit einer dquimolaren Menge oder
einem UberschuB einer Isocyanat-Verbindung der Formel R°-N-CO, in der R° eine gut austretende
Gruppe ist, in einem geeigneten L8sungsmittel und vorzugsweise in Gegenwart eines basischen
Stoffes bei einer Temperatur zwischen etwa -5° C und 50° C umgesetzt wird; nach Gewinnung des
erhaltenen Zwischenproduktes durch ibliche Verfahren oder direkt ohne Reinigung ein geeignetes
organisches Lsungsmittel dann zugegeben und das Gemisch auf eine Temperatur zwischen 50 C
und der RiickfluBtemperatur erhitzt wird; das reine N- oder O-lsomere aus dem Gemisch durch
tibliche Trennverfahren erhalten wird;

b) wenn Verbindungen nach Anspruch 1, in denen R, R', R? und R?3 wie vorstehend definiert sind, R*
den Rest OR® bedeutet, in dem R? eine andere Bedeutung als Wasserstoff hat, R° nicht vorhanden
ist, x eine zusdtzliche Bindung bedeutet und y nicht vorhanden ist, oder die Verbindungen, in denen
R, R', R? und R3 wie vorstehend definiert sind, R* ein Sauerstoffatom bedeutet, R® den Rest R®
darstellt, der ein Wasserstoffatom ist, x nicht vorhanden ist und y eine zusitzliche Bindung bedeutet,
gewiinscht werden, kdnnen sie durch Umsetzung der entsprechenden Verbindungen, in denen R®
ein Wasserstoffatom bedeutet, [die Verbindungen von Punkt a)] mit einem leichten molaren Uber-
schuB eines Halogenids der Formel

R3-Halogen VI

in der R? wie vorstehend definiert ist, und Halogen ein Halogenatom, ndmlich ein Chlor-, Brom- oder
Jodatom, bedeutet, in Gegenwart eines stark alkalischen Stoffs bei einer Temperatur zwischen 50
und 70°C fir etwa 1 bis 2 h und - falls erforderlich - Trennen des Gemisches der N- und O-
Isomeren mit Hilfe von Siulenchromatographie oder fraktionierter Kristallisation erhalten werden;

c) wenn eine Verbindung der Formel | erhalten wird, in der R? einen Halogen-(Cz-4)-alkylrest
bedeutet, kann sie durch Umsetzung mit einer dquimolaren Menge oder einem leichten molaren
{UberschuB des betreffenden Aminderivates in eine Verbindung der Formel | umgewandelt werden, in
der R? einen Amino-(Cz-4)-alkyl-, Mono- oder Di-(Cq —4)-alkylamino-(Cz-4)-alkyl-oder disubstituierten
Amino-(Cz-4)-alkylrest darstellt, wobei das Stickstoffatom Teil eines 4-, 5-, 6- oder 7gliedrigen
gesittigten heterocyclischen Rings ist, welcher ein weiteres Heteroatom, ausgew&hlt aus N, S und
O, enthalten kann, und welcher gegebenenfalls mit einem Substituenten substituiert sein kann,
ausgewidhlt aus (C1-4)-Alkyl-, (Cs-7)-Cycloalkyl-, Phenyl-, substituiertem Phenyl-, Phenyl-{(C1-4)-
alkyl und substituiertem Phenyl-(C1-«)-alkylresten;

d) wenn eine Verbindung der Formel | erhalten wird, in der R? einen Hydroxy-(Cz-s)-alkylrest
bedeutet, kann sie durch Umsetzung mit einem Halogenierungsmittei in die entsprechenden Verbin-
dungen der Formel | umgewandelt werden, in denen R? einen Halogen-(C2-«)-alkylrest bedeutet;

e) wenn eine Verbindung der Formel | erhalten wird, in der RS und y nicht vorhanden sind, x eine
zusitzliche Bindung bedeutet, R* den Rest OR® bedeutet und R® eine 2-Hydroxyethyl-oder 2-
Hydroxypropylgruppe darstelit, kann sie durch Umsetzung mit einem Halogenierungsmittel, ausge-
wihlt aus Thionyl- oder Phosphorylhalogeniden und Phosphorpentachlorid, fir etwa 1 bis 4 h bei
einer Temperatur zwischen Raumtemperatur und etwa 70° C in die entsprechende Verbindung der
Formel | umgewandelt werden, in der x nicht vorhanden ist, y eine zusitzliche Bindung bedeutet, R®
den Rest R? darstellt und R* ein Sauerstoffatom bedeutet;

f) wenn eine Verbindung der Formel | gewlinscht wird, in der R* einen Rest R® bedeutet, R> und y
nicht vorhanden sind, und x eine zusitzliche Bindung bedeutet, kann sie durch Umsetzung eines
Pyrazolamin-Derivates der Formel Il

mit einer dquimolaren Menge oder einem leichten molaren UberschuB einer Verbindung der Formel
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R8-CO-W

in der R® wie vorstehend definiert ist und W ein Halogenatom, ausgewahlt aus Chlor-, Brom- und
Jodatomen, einen Rest R°® oder einen Rest 0-CO-R® bedeutet, wobei R% zusammen mit dem
benachbarten Sauerstoffatom eine gut austretende Gruppe darstellt, die in den Reaktionséblauf nicht
eingreift, in einem wasserfreien, inerten organischen Losungsmitiel bei einer Temperatur zwischen
Raumtemperatur und der RickfluBtemperatur erhalten werden, wobei eine Zwischenverbindung
erhalten wird, die thermisch in Gegenwart eines Cyclisierungskatalysators cyclisiert wird.

Verfahren nach Anspruch 1, wobei das geeignete LOsungsmittel von Stufe a) aus hochsiedenden
inerten organischen L&sungsmitteln, wie Glykolen mit 2 bis 6 Kohlenstoffatomen und den entsprechen-
den Mono-(C1 —3)-alkylethern oder -acyiderivaten, Benzol, Toluol, 5 bis 9 Atomen umfassenden Cycloal-
kanen ausgewahlt ist und die basischen Stoffe tertidre aliphatische oder aromatische Amine sind.

Verfahren nach Anspruch 1, wobei der Rest R% der Stufe f) eine Methyl-, Ethyl-, Propyl-, Isopropyl-,
Butyl-, Cyclohexyl-, Phenyl- oder Tolylgruppe ist.

Verfahren nach Anspruch 1, wobsi das wasserfreie, inerie, organische LOsungsmiitel der Stufe f)
Essigs8ureanhydrid ist.

Verfahren nach Anspruch 1, wobei der Cyclisierungskatalysator der Stufe f) ein Thiony!- oder Phospho-
rythalogenid ist.

Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel |, in der R einen (G -5 )-Alkyl-
oder (C3-7)-Cycloalkylrest bedeutet, R' einen (Ci-s)-Alkylrest darstellt, R2 (C»-C.)Alkyl oder phenyl
darstellt, und R3 einen (C1-Ce)-Alkylrest oder eine Phenylgruppe bedeuten oder R2 und R3 zusammen
einen Rest -(CHz).- bedeuten, in dem n eine ganze Zahl von 3 oder 4 ist, und wobei eine der -(CHz)-
Gruppen mit einem der Reste

e : -NE~ oder =N~ -

(C;_,) -Alkyl Y

substituiert ist, wobei R” einen (C1-s)-Alkyl- oder (Cz2-s)-Alkanoylrest bedeutet, R* den Rest R® gemaB
vorstehender Definition darstellt, R® nicht vorhanden ist, x eine zusétzliche Bindung darstellt und y nicht
vorhanden ist, oder ein pharmazeutisch verirdgliches Siureadditionssalz davon.

Verfahren nach Anspruch 1 zur Herstellung einer Verbindung der Formel |, welche 6.7.8.9-Tetrahydro-

1,3-dimethyl-3H-pyrazolo[3.4-clisochinolin oder ein pharmazeutisch vertrégliches Siureadditionssalz
davon ist.
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